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1.0  INTRODUCTION 


1.1  PURPOSE  AND  BACKGROUND 

The  test  described  in  this  report  is  an  Internal  Fuel 
Vapor  Ignition  Qualification  Test  of  the  450  Gallon  Filament 
Wound,  Lightweight,  Explosion  Proof,  External  Fuel  Tank  for 
the  H-53  series  helicopter. 


The  Internal  Fuel  Vapor  Ignition  Test  is  described  in 
Paragraph  4.6.20  of  Technical  Exhibit  ASD/ENFEA-7 5 ,  October 
1978: 


"A  tank  suspended  from  integral  pylon  shall  withstand 
the  explosive  pressures  caused  by  rapid  ignition  of  an 
N-Pentane/air  mixture.  The  explosion  shall  produce  a 
pressure  peak  rise  of  at  least  6.5  atmospheres  within 
60  milliseconds.  No  structural  damage  is  permitted." 


However,  Section  3. 4. 1.7. 3  states: 

"The  tank  shall  contain  the  explosion  pressures  gener¬ 
ated  from  fuel  vapor  ignition  without  catastrophic 
rupture . " 

This  statement  appears  to  modify  Section  4.6.20  to  the  ex¬ 
tent  that  some  damage  is  permitted  as  long  as  it  is  not 
"catastrophic"  in  nature.  The  pass/fail  criteria  for  this 
test  is  therefore  somewhat  ambiguous. 

The  explosion-proof  external  tank  was  originally  sug¬ 
gested  in  Mishap  Control  No.  WR76-022A. 

This  test  was  performed  for  Fiber  Science,  Inc.  by  Dy¬ 
namic  Science,  Inc.  at  its  test  facility  in  Phoenix,  Arizona 
This  report  was  prepared  by  Dynamic  Science,  Inc.  excluding 
Section  1.4,  "Conclusions  and  Recommendations,"  those  por¬ 
tions  of  Data  Sheet  2  requiring  cross  sectioning  of  the 
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tank,  and  those  sections  of  Data  Sheet  2  pertaining  to 
Evaluation  of  Data,  all  of  which  were  prepared  by  Fiber 
Science,  Inc. 

1.2  DESCRIPTION  OF  TEST  SAMPLE 

The  sample  tank  used  in  tnis  test  was  a  prototype  of 
the  450  gallon.  Filament  Wound,  Lightweight,  Explosion  Proof, 
External  Fuel  Tank  for  the  H-53  series  helicopter.  This  tank 
was  developed  and  fabricated  by: 

FI3ER  SCIENCE,  INC. 

Salt  Lake  International  Center 
506  Billy  Mitchell  Road 
Salt  Lake  City,  UT  84116 

under  Contract  No.  F09603-79-C-164 2  from  USAF  Logistics  Com¬ 
mand,  Warner  Robins  Air  Logistics  Center.  The  tank  was  de¬ 
signated  by  Fiber  Science,  Inc.  as  Part  Number  2191-001A, 
Serial  Number  0001,  and  was  manufactured  in  April,  1981. 

1.3  DISPOSITION  OF  TEST  SPECIMEN 

Following  post-test  examination  by  Dynamic  Science,  Inc. 
the  test  specimen  was  returned  to  Fiber  Science,  Inc.  for 
further  analysis. 

1.4  CONCLUSIONS  AND  RECOMMENDATIONS 

There  was  no  visible  damage  to  the  tank  structure.  Both 
fuel  and  air  fittings  were  blown  from  the  tank.  This  was  the 
result  of  an  oversight  on  the  part  of  all  parties  concerned, 
since  to  be  truly  representative  of  an  actual  aircraft  instal 
lation,  restrictive  sockets  representing  the  aircraft  valve 
into  which  these  fittings  are  installed  should  have  been  used 
for  this  test.  The  blowoff  of  the  fittings  would  not  have  oc 
curred  had  restrictive  valve  adaptors  been  used. 
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2 . 0  FACTUAL  DATA 


2.1  DESCRIPTION  OF  TEST  APPARATUS 

Table  2-1  presents  a  summary  of  all  instruments  and 
equipment  used  for  the  collection  of  electronic  data,  the 
manufacturers’  names,  instrument  serial  numbers,  ranges, 
accuracy,  and  dates  of  latest  calibration.  All  non¬ 
electronic  data  (i.e.,  static  measurements)  were  obtained 
through  the  use  of  standard  measurement  techniques. 

2.2  TEST  PROCEDURE 

The  requirements  of  the  Internal  Fuel  Vapor  Ignition 
Test  are  as  stated  in  Section  1.1. 

Section  2.2.1  describes  the  Internal  Fuel  Vapor  Ignition 
Test  Procedure.  Section  2.2.2  describes  the  electronic  data 
acquisition  process.  Section  2.2.3  describes  photography. 

2.2.1  Internal  Fuel  Vapor  Ignition  Test  Procedure 

The  test  procedure  generally  followed  the  outline  given 
in  Fiber  Science,  Inc.  Document  No.  QTP-2191  Section  "N," 
"Qualification  Test  Procedure,  H-53  Tank,  Requirements  for 
Fuel  Vapor  Ignition  Test,"  (Appendix  C) . 

It  was  determined  that  there  was  small  likelihood  that  a 
pressure  rise  to  6.5  atmospheres  could  be  reached  within  60 
milliseconds  using  an  N-pentane/air  mixture  and  a  single  ig¬ 
niter.  N-pentane  is  primarily  a  liquid  below  97°F  and  flame 
front  propogation  is  only  on  the  order  of  one  to  two  feet 
per  second.  For  these  reasons,  the  fuel  was  changed  to 
acetylene,  and  a  complex  ignition  system  consisting  of  17 
electric  matches  at  one  foot  intervals  was  developed. 


TABLE  2-1.  VAPOR  IGNITION  INSTRUMENTATION  AND  TEST  EQUIPMENT  SUMMARY 
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Science  data  acquisition  system  provides  a  flat,  linear  response  up  to  1  KHz  with 


Additional  changes  approved  by  Fiber  Science,  Inc.  were 
as  follows: 

•  The  allowable  pressure  was  modified  from  "at  least 
6.5  atm"  to  a  6-8  atm  range. 

•  The  fuel  and  air  valves  were  installed  and  remained 
in  the  closed  position  for  the  test. 

An  acetylene/air  ratio  of  4.3  percent  was  determined  to 
be  the  proper  mixture  to  provide  the  desired  pressure  pulse. 
The  tank  and  pylon  were  mated  to  the  Fiber  Science  "Qualifi¬ 
cation  Test  Fixture"  which  was  in  turn  attached  to  a  steel 
A-frame  fixture.  The  acety lene/air  mixture  was  introduced 
into  the  tank  through  the  nose  of  the  tank.  The  fuel/air 
mixture  was  controlled  through  the  use  of  regulators  and  flow 
meters.  After  twenty  minutes,  the  valves  at  the  tank  nose 
and  tail  were  closed,  the  instrumentation  was  turned  on,  and 
the  igniters  were  fired.  The  tank  was  then  purged  of  the 
combustion  products.  Figure  2-1  shews  the  Fuel  Vapor  Igni¬ 
tion  Test  setup. 

2.2.2  Electronic  Data  Acquisition 

The  electronic  data  obtained  in  this  test  consisted  of 
internal  pressures  at  four  locations,  as  shown  in  Table  2-2. 

The  individual  transducers  and  other  components  of  the 
data  acquisition  system  are  described  in  Table  2-1.  Each 
transducer  was  attached  to  an  Ectron  differential  amplifier 
within  the  Remote  Signal  Conditioning  Module  (RSCM)  main¬ 
frame  by  an  umbilical  cable.  After  amplification,  the  trans¬ 
ducer  signals  were  converted  to  the  frequency  domain  by  the 
Voltage  Controlled  Oscillators  within  the  RSCM  mainframe. 

The  information  was  then  multiplexed  and  transmitted  via 
hardline  to  the  .sabre  111  instrumentation  tape  recorder 
for  recording. 


IR 


ACETYLENE 


)  GAS  FLOW  REGULATOR 
]  FLOW  METER 

>  SOLENOID  V A LVE 

ELECTRIC  MATCH  ARRAY 

FIGURE  2-1.  FUEL  VAPOR  IGNITION  TEST  ARRANGEMENT 
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The  recorded,  multiplexed  signal  was  later  played  back 
and  demodulated  by  the  Data  Control  Systems  demodulator. 

The  demodulated  signal  was  then  filtered  and  digitized  for 
processing  and  plotting  on  the  Data  General  S130  Eclipse 
Computer . 

2.2.3  Photographic  Coverage 

The  Internal  Fuel  Vapor  Ignition  Test  was  recorded  on 
16  mm  color  film  by  two  cameras  as  shown  in  Table  2-3.  The 
event  was  filmed  at  2,000  fps.  In  addition,  24  fps  docu¬ 
mentary  footage  and  a  complete  set  of  33  mm  color  slides 
were  taken. 

2.3  TEST  RESULTS 

No  damage  was  observed  to  the  tank  shell,  internal  baf¬ 
fles,  or  internal  plumbing,  based  on  non-cross  sectioning 
examination . 

As  there  was  no  "catastrophic  rupture,"  the  tank  appears 
to  meet  the  specification  requirements. 
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TABLE  2-3.  VAPOR  IGNITION  PHOTOGRAPHIC  COVERAGE. 


3.0  TEST  DATA 


I 


3 . 1  TEST  CONDITIONS 

The  test  was  set  up  according  tc  the  procedures  set 
forth  in  Section  2.2.  The  tank  was  inadvertently  mounted 
in  a  6°  nose-down  position,  but  this  attitude  was  deemed 
not  critical  to  the  test.  Pre-test  approval  was  obtained 
(Data  Sheet  1)  and  the  test  proceeded. 

A  summary  of  test  conditions  is  presented  in  Table  3-1. 

3.2  TEST  RESULTS 

After  the  tank  was  filled  with  the  acetylene/air  mix¬ 
ture,  the  fill  and  vent  lines  were  sealed,  instrumentation 
was  initiated,  and  the  ignition  system  was  fired.  The  re¬ 
sultant  pressure  pulses  are  presented  as  computer  generated 
plots  in  Appendix  A.  The  pressures  recorded  at  the  tank 
nose  and  just  rear  of  the  aft  frame  rose  to  approximately 
100  psi  (6.8  atm)  within  55  msec,  while  the  pressure  at  the 
tank  tail  rose  to  138  psi  (9.4  atm)  in  44  msec.  There  is  no 
ready  explanation  for  the  133  psi  reading,  especially  since 
it  occurred  within  the  same  tank  compartment  as  two  of  the 
other  pressure  sensor  locations. 

Analysis  of  the  high-speed  film  revealed  that,  after 
ignition,  a  flame  propagated  first  out  the  top  of  the  fuel 
valve  and  then  around  the  circumference  of  the  valve.  Part 
of  the  valve  was  blown  off  the  tank  and  a  column  of  hot  gas 
vented  out  the  fuel  valve  access.  A  flame  then  propagated 
out  the  top  of  the  air  valve  followed  by  the  air  valve  being 
blown  clear  of  the  tank.  A  column  of  hot  gas  was  then  vented 
thruugh  the  air  valve  access. 
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Post-test  examination  at  the  test  site  revealed  that  the 
metal  band  clamps  used  to  hold  the  flexible  joint  coupling  in 
place  had  failed  to  securely  hold  the  upper  portion  of  the  fuel 
and  air  valve  in  place  and  they  ejected  from  the  tank.  It  may 
have  been  that  the  clamps  were  not  securely  fastened  around 
this  joint.  The  phenolic  fuel  and  air  fittings  cracked  from 
ejection  or  subsequent  impact  with  the  ground.  There  was  no 
failure  of  the  mating  half  fittings  which  remained  attached 
to  the  tank. 

The  metal  honeycomb  flame  arrestor  was  blown  out  of  the 
bulkhead  fitting  which  connects  the  air  line  to  the  flexible 
joint  coupling. 

Damage  to  the  tank  is  further  described  in  the  text  of 
Data  Sheet  2.  Color  photographs  of  the  test  are  presented  in 
Appendix  B. 


DATA  SHEET  1.  PRE-VAPOR  IGNITION  EXAMINATION 

Testing  Activity:  Dynamic  Science,  Inc. 

Tank  Serial  No.:  0001 

Test  Date:  June  23,  1981 

Activity  Test  Engineer:  Terry  Bjork 

Fiber  Science,  Inc.  Test  Engineer:  Richard  R.  Lyman 
Government  Representative:  Hugh  Hilliard 


EXAMINATION  OF  PRODUCT: 

Visual  Inspection:  Approved 

Delaminations  (Tap  Test) :  Small  (less  than  one  inch 
square)  (less  than  16)  delaminations  in  center  section  - 
appeared  to  be  only  in  outside  circumferential  wrap  - 
approval  to  proceed. 

MOUNTING: 

Aircraft  Simulated  Attachment  Deviations  If  Any : 

Apparent  tank  angle  6°  nose  down  -  approved  to  proceed. 


ARRANGEMENT: 


TABLE  3-1. 


VAPOR  IGNITION  TEST  SUMMARY 


Test  Description:  FSI  450  Gallon  Vapor  Ignition  Qualifi¬ 
cation  Test _ 

Tank  Serial  Number:  0001  Mfg.  Date:  April  1981 _ 

Test  Number:  T2-  1 _ 

Number  of  Data  Channels:  4 _ 

Number  of  Cameras:  2 _ _ 

Date:  June  2  3  ,  1  98  1  Time:  2 : 3  9  P  M  Temperature:  107°  F 


PRE-TEST  DATA 

Air  Flow  Rate:  10.4  cfm 
Acetylene  Flow  Rate:  0.467  cfm 
Acetylene /Air  Ratio:  4.3"^ 

Required  Pressure  Pulse:  6.5  atm  (95  psi),  <60  msec 

POST-TEST  DATA 

Actual  Pressure  Pulse: 


Location 

1  -  101 

ps  1 

(6.9 

atm)  , 

55 

ms 

Location 

2  -  10  4 

ps  1 

(7.1 

atm), 

55 

ms 

Location 

3  -  102 

ps  i 

(6.9 

atm)  , 

56 

ns 

Location 

4  -  138 

psi 

(9.4 

atm)  , 

44 

ms 

Number  of  Ruptures:  None 
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DATA  SHEET  2.  POST-VAPOR  IGNITION  EXAMINATION 


VISUAL  INSPECTION: 

No  apparent  damaqe  to  tank  shell.  Both  fuel  and  air 
coupling  joints  failed  and  the  shutoff  valve  assemblies 
were  blown  clear  of  the  tank.  Nylon  fitting  of  fuel 
level  probe  partially  melted.  Plastic  cover  of  inter¬ 
nal  wires  melted  onto  fuel  plumbing. 

DELAMINATIONS  (TAP  TEST) : 

Several  new  dead  areas  noted,  primarily  on  rear  section 
of  tank. 

(To  be  completed  by  Fiber  Science.) 

Internal  Damage 
Tank  Shell 


Frames 


Baffles 


Fittings 


Tubing 


APPENDIX  A 


PRESSURE  DATA 
FILTERED  AT  100  HZ 


NOTE:  Initial  delay  of  approximately  65  ms 

due  to  relay  response  time  and  electric 
match  response  time. 
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APPENDIX  B 


PRESENTATION  OF  PHOTOGRAPHS 


B-3 


APPENDIX  C 


FIBER  SCIENCE,  INC. 

DOCUMENT  NUMBER 
QTP-2191  SECTION  "N" 


QUALIFICATION  TEST  PROCEDURE 
H-53  TANK 

REQUIREMENTS  FOR  FUEL  VAPOR  IGNITION  TEST 


APPENDIX  d 


complete 
35mm  TEST 


listing  of 
photographs 


D-l 


Test  T2-1,  SNOQOl 


Bl-82:  Pre-Test  Right  Side  Overall  View  of  Tank  and  Fixture 

Bl-83:  Pre-Test  Rear  Overall  View  of  Tank  and  Fixture 
Bl-84:  Pre-Test  Left  Side  Overall  View  of  Tank  and  Fixture 
Bl-85:  Pre-Test  Left  Front  View  of  Tank 

Bl-86 :  Post-Test  Right  Side  View  of  Tank 
Bl-87:  Post-Test  Right  Rear  View  of  Tank 
Bl-88:  Post-Test  Left  Rear  view  of  Tank 

Bl-89:  Post-Test  Close-Up  of  Tank  Fuel  and  Air  Valve  Fittings 

Bl-90 :  Post-Test  Close-Up  of  Fuel  Valve 

Bl-91:  Post-Test  Close-Up  of  Tank  Air  Fitting 

Bl-9 2 :  Post-Test  Close-Up  of  Tank  Air  Fitting 

Bl-93:  Post-Test  Close-Up  of  Air  Valve 

Bl-94:  Post-Test  Close-Up  Right  Front  View  of  Nose  Fitting 

Bl-95:  Post-Test  Close-Up  Front  View  of  Nose  Fitting 

Bl-96:  Post-Test  Close-Up  Right  Side  View  of  Tail  Fitting 

Bi-97:  Post-Test  Close-Up  Rear  View  of  Tail  Fitting 
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1. 


INTRODUCTION 


This  report  documents  the  Gunfire  Test  of  the  450  Gallon,  Filament 
V  Wound,  External  Fuel  Tank  for  the  H-53  Helicopter. 

1. 1  Reason  for  Test 

This  test  was  conducted  to  establish  the  performance  characteristics 
of  the  450  Gallon,  Filament  Wound,  Lightweight,  Explosion  Proof,  External  Riel 
™  Tank  to  the  gunfire  test  requirements  established  in  Technical  Exhibit  ASD/ 
ENEFA-78  dated  October  1978.  These  test  requirements  are: 

REQUIREMENTS 
*** 

General  Characteristics 
Design 

Survivability 
*** 

"3.4.17.2  Gunfire  Loads.  In  addition  to  che  internal  pressure  load  re¬ 
quirements  listed  in  paragraph  3.4. 1.3.6,  the  tank,  shall  withstand  the  loads 
•  generated  from  the  hydraulic  ram  and  internal  ignition  pressure  loads  from  an 
impact  by  a  projectile.  The  projectile  impact  shall  not  yield  an  entrance  or 
exit  orifice  wound  larger  than  the  projectile  contact  frontal  area.  Structural 
damage  is  permitted;  however,  leakage  shall  occur  only  from  the  entrance  or 
exit. 


"3. 


"3.4 
"3.4.1 
"3.4.1. 7 


" 3.4.17.2 .1  Hydraulic  Ram.  The  tank  shall  contain  without  rupture  the 
pressures  generated  from  the  hydraulic  ram  effect  when  full  and  impacted  by 
a  14.5  ana  (AP  at  distance  of  75  feet). 

"  4.  QUALITY  ASSURANCE  PROVISIONS 

*** 

"4.6  Test  Methods 


*** 


"4.6.2. 1  Ballistic .  The  tank  while  suspended  from  the  integraJ  pylon, 
shall  be  subjected  to  Che  projectile  specified  in  paragraph  3. 4. 1.7. 2." 


NOTE:  The  Soviets  have  not  produced  an  AP  (Armor  Piercing)  round  since 

Wot  id  Wet  it  II .  Tlitiv  ncv  ptroducs  ArrnoT  p  ( ,\P  1 )  ot  Ar^nc  r 

Piercing  Incendiary-Tracer  (API-T)  rounds. 


1.2 


Description  of  Teat  Sample 


The  tank,  tested  was  Fiber  Science  Incorporated  (FSI)  Part  Number  2191- 
001,  Serial  Number  0006. 

1. 3  Disposition  of  Test  Specimen 

The  test  specimen  was  forwarded  to  another  testing  laboratory  for 
another  test  in  the  qualification  test  series  per  FSI  Instructions. 

1. 4  Narrative  Abstract,  Conclusions  and  Recommendations 

The  Fiber  Science  450  Gallon,  Filament  Wound,  Lightweight,  Explosion 
Proof,  External  Fuel  Tank  was  subjected  to  a  gunfire  test.  This  test  con¬ 
sisted  of  firing  a  Soviet  14.5  am  API-T  projectile  to  impact  the  fuel  tank  at 
a  velocity  of  3468  ft/sec  and  at  a  near  full  tumble  attitude.  Ten  biaxial 
strain  gages  were  mounted  on  the  tank.  Tour  piezoelectric  pressure  transducers 
were  installed.  The  impact  resulted  in  an  aperature  in  the  impacted  side  of 
the  tank  which  was  larger  then  the  impacting  projectile  presented  area. 

The  excessive  aperture  si2e  could  have  been  caused  by  the  excessive 
hydraulic  ram  pressure  resulting  from  the  greater  than  usual  impact  velocity, 
and  by  the  presence  of  a  hole  in  the  tank  wall  used  to  mount  the  first  pres¬ 
sure  transducer. 

We  recommend  that  this  test  be  considered  invalid  due  to  the  higher 
than  standard  projectile  velocity  and  due  to  the  weakening  of  the  wall  from 
the  hole  made  for  the  pressure  transducer.  A  repeat  test  would  be  advisable. 


FACTUAL  DATA 


!.l  Description  of  Teat  Apparatus 

The  test  apparatus  Includes  the  Mann  gun,  the  holding  fixture,  and  the 
instrumentation. 

The  Mann  gun  consists  of  a  single  shot,  smooth  bore  barrel;  a  breech 
mechanism;  a  muzzle-mounted  tumble  attachment;  a  mount  with  elevation  and  de¬ 
flection  mechanisms;  and,  a  platform.  The  Mann  gun  is  shown  to  the  left  in 
Figure  1. 


The  holding  fixture  consists  of  a  cross  piece  with  four  legs,  see  Fig¬ 
ure  1.  The  tank,  was  attached  to  the  holding  fixture  by  a  pylon  made  to 
Sargent- Fletcher  Co.  P/M  27-450-4400,  which  was  in  turn  attached  to  the  hold¬ 
ing  fixture  by  means  of  a  special  adapter,  furnished  by  Fiber  Science,  Inc. , 
which  adapcer  simulated  the  aircraft  pylon  mounting  arrangement . 

The  instrumentation  included: 

(1)  a  chronograph  system  consisting  of  a  chronograph  screen  array, 
seen  in  Figure  1  between  the  Mann  gun  and  the  fuel  tank,  ana  three  electronic 
counters  located  in  the  instrumentation  room.  The  chronograph  screens  were 
two  sneecs  of  aluminum  foil  separated  by  waxed  paper  which  when  perforated 
by  the  metallic  projeccile  closed  an  electric  circuit.  Three  or  these 
screens  were  mounted  on  wooden  frames  attached  to  a  steel  rack  so  that  the 
screens  were  spaced  exactly  at  four  foot  intervals.  Each  screen  was  wired 
in  a  circuit  with  a  9  volt  battery  to  a  start  and/or  stop  input  of  an  elec¬ 
tronic  counter.  The  electronic  counters  were  Hewlett  Packard  Model  5315A 
Universal  Counters.  The  screen  closest  to  the  Mann  gun  was  connected  to  the 
start  inputs  of  Counters  1  and  3.  The  center  screen  was  connected  to  the.  stop 
input  of  Counter  1  and  to  the  start  input  of  Counter  2.  The  last  screen  was 
connected  to  the  stop  inputs  of  Counters  2  and  3.  This  screen  was  intended  to 
provide  redundancy  in  determining  the  projectile  velocity.  The  first  screen 
was  located  three  feet  from  the  muzzle  of  the  Mann  gun;  the  fuel  tank  was  16 
feet  from  the  Mann  Gun  muzzle.  The  screens  were  spaced  within  +  1/8  inch. 

The  counters  can  determine  the  elapsed  time  within  +  0.0000002  sec.  The  data 
reduction  technique  used  corrected  for  the  change  in  projeccile  attitude  at 
each  screen  encountered.  The  accuracy  of  the  projectile  velocity  determina¬ 
tion  is  +  18  ft/sec. 

A  total  of  10  biaxial  strain  gages  were  emplaced  as  shown  on  Figures  2 
and  3.  These  were  Micro-Measurement  E1A-13-125  TQ-350  biaxial  strain  gages. 

B&F  Model  720  SG  (10  each)  and  Honeywell  Accudaca  218  signal  conditioning  am¬ 
plifiers  were  used  to  produce  the  signals  recorded  on  an  Ampex  Model  FR  1800 
and  an  Ampex  Model  PR  2230  magnetic  cape  recorder.  Strain  gage  locations  1 
and  2  were  along  che  tan'  side  on  a  line  parallel  to  the  center  line  of  the 
fuel  tank  and  spaced  11.50  and  5.75  inches  respectively  rearward  rrom  the  aim 
pome,  see  Figure  2.  The  rest  of  the  stain  gage  locations  were  placed  along 
a  plane  passing  through  the  aim  point  and  perpendicular  to  che  fuel  tank  cen¬ 
terline.  These  locations  were  22.5  degrees  apart  with  the  No.  3  location 
22.5  degrees  below  the  aim  point,  No.  6  location  at  the  boctorn  of  the  tack, 
and  No.  10  location  directly  opposite  the  aim  point,  see  Figure  3. 


Figure  3.  Instrumentation  Locations,  Exit  Side 

The  cross  is  directly  over  Strain  Gage  Location  10  (S^q) . 
Pressure  Transducer  3  is  adjacent.  Strain  Gage  Loca¬ 
tions  So,  Sg  and  S;  can  be  seen.  Strain  Gage  Location  6 
and  Pressure  Transducer  2  are  at  the  bottom  of  the  tank. 


Four  PCB  Model  102  A03  piezoelectric  pressure  transducers  were  emplaced 
as  shown  on  Figures  2  and  3.  The  No.  1  pressure  transducer  was  3  inches  for¬ 
ward  of  the  aim  point  on  the  impact  side  of  the  fuel  tank,  on  the  line  parallel 
to  the  tank  centerline.  The  No.  2  pressure  transducer  was  3  inches  forward  of 
the  No.  6  strain  gage  location.  The  No.  3  pressure  transducer  was  3  inches 
forward  of  the  No.  10  strain  gage  location.  The  No.  4  pressure  transducer  was 
within  the  fuel  tank  along  the  fuel  tank  centerline  approximately  two  feet 
toward  the  tank  rear  from  the  anticipated  trajectory.  The  diaphragm  of  pres¬ 
sure  transducer  4  was  facing  the  intersection  of  the  anticipated  trajectory 
and  the  fuel  tank  centerline.  This  transducer  was  in  a  fitting  positioned  by 
a  tube  through  which  the  lead  wires  passed.  The  other  three  transducers  were 
mounted  in  fittings  which  passed  through  the  fuel  tank  wall  with  the  trans¬ 
ducer  diaphragms  facing  the  center  line  of  the  fuel  tank.  A  PCB  Model  494 A06 
Amplifier  produced  the  signals  recorded  on  the  Ampex  Model  PR  2230  magnetic 
tape  recorder. 

The  transducers  have  a  range  of  2  to  10,000  psi;  the  serial  numbers 
are  given  in  the  data  sheets.  Appendix  A.  The  rated  accuracy  of  these  trans¬ 
ducers  is  indicated  on  the  transducer  data  sheets  in  Appendix  B. 

* 

High  frame  race  motion  pictures  were  taken  of  the  left  side  of  the 
fuel  tank  from  the  left  rear  (the  impacted  side  or  "front"  surface),  and  of 
the  right  side  of  the  fuel  tank  from  the  right  rear  (the  side  from  which  the 
projectile  would  exit  if  a  complete  perforation  is  obtained  or  "rear"  surface) . 
The  cameras  used  were  a  Hycam  Model  41-0004  for  the  front  surface  and  a  Hycam 
Model  R2004E  for  the  rear. 

2. 2  Test  Procedure 

The  tank  was  installed  on  the  holder  with  the  leading  end  pointed  down¬ 
ward  at  a  2  degree  angle.  The  target  wat  87  inches  from  the  leading  end  of 
the  tank  and  on  the  tank  centerline.  The  Mann  gun  was  located  so  that  the 
muzzle  was  exactly  16  feet  from  the  impact  point  on  the  fuel  tank.  The  chrono¬ 
graph  screen  array  was  emplaced  between  the  Mann  gun  muzzle  and  the  fuel  tank. 
The  fuel  tank  was  filled  with  water  until  no  more  water  would  enter  the  tank. 
This  provided  a  trapped  air  bubble  at  the  cop  of  approximately  3  percent  of 
the  total  tank  volume.  The  hi^i  frame  rate  motion  picture  cameras  were  loaded. 

The  tumble  attachment  was  adjusted  to  have  the  projectile  rotate  to  a 
fully  broadside  attitude  with  the  rneplat  upward  at  approximately  16  feet.  The 
weapon  was  loaded  with  a  Soviet  14.5  mm  API-T  projectile  with  a  standard  pro¬ 
pellant  load.  The  Mann  gun  is  fired  when  a  solenoid  is  activated.  This  sole¬ 
noid  is  activated  by  a  switch  in  the  Hycam  filming  the  front  tank  surface. 

This  switch  activates  after  the  camera  passes  a  designated  length  of  film.  The 
length  of  film  is  set  to  allow  the  camera  to  reach  the  desired  frame  rata  be¬ 
fore  the  event  occurs.  This  switch  was  sec  for  150  feet  of  film  which  corre¬ 
lates  with  a  2500  frames  per  second  rate.  The  magnetic  tape  recorders  were 
started,  then  electric  power  was  applied  to  the  Hycam  cameras.  When  the  front- 
surf  ace-viewing  Hycam  passed  150  feet  of  film,  the  Mann  gun  fired. 

: h 

Directions  assuming  the  observer  is  standing  on  the  center  of  the  fuel  tank 
facing  the  direction  an  aircraft  mounting  this  tank  would  travel. 


r 


When  the  area  was  declared  safe,  the  test  personnel  end  Fiber  Science 
and  government  witnesses  inspected  the  fuel  tank. 


* 


P 
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2.3  Test  Results 


The  center  of  the  projectile  impact  was  1/2  inch  below  the  line  parallel 
to  the  tank  centerline  and  on  the  intersection  of  the  plane  of  the  strain  gage 
Ideations  3  through  10.  (The  cross  drawn  on  the  tank  was  approximately  3/4 
inch  toward  the  rear  of  the  tank  from  the  actual  aim  point.) 

The  projectile  impact  velocity  at  the  tank  surface  was  approximately 
3468  ft/sec.  Chro  ograph  Screen  3  failed  to  function.  The  only  velocity  ob¬ 
tained  was  that  between  Chronograph  Screens  1  and  2.  This  velocity  was  3523 
ft/sec.  In  two  earlier  checkout  shots  the  velocities  obtained  were: 


Between 

Chronograph 

Screens 

Interscreen 
Distance  (ft) 

Distance  Correction  Factors 

In  Inches  for  Tuatole  Attitude 

At  Lead  Screen  At  Tall  Screen 

Tine 

(sec) 

Mean  Velocity 
(ft/sec) 

Checkout 

Test  No.  1 

1 

and  2 

4 

1.612 

1.52“ 

.0011419 

3509.5 

1 

and  3 

9 

1.6 12 

1.069 

.0022996 

3498.2 

2 

and  3 

4 

1.522 

1.069 

.001580 

3486.6 

Checkout 

Test  No.  2 

1 

and  2 

4 

1.604 

1.450 

.0011349 

3535.8 

1 

and  3 

8 

1.604 

0.90Z 

.0022859 

3523.3 

2 

and  3 

4 

1.450 

0.902 

.0011510 

3514.9 

This  Test 

1 

and  2 

4 

1.606 

1.402 

.0011403 

3522.8 

Note  that  the  rate  of  change  of  velocity  per  foot  travelled  for  Checkout  No.  1 
was  -5.625  ft/sec/ft  and  for  Checkout  No.  2  was  -5.225  ft/sec/ft.  Using  the 
t,  mean  of  these  two  values,  -5.425  ft/sec/ft,  the  estimated  projectile  velocity 
11  feet  down  range  would  be  3468  ft/sec. 

The  projectile  attitude  was  established  by  the  length  of  the  silhouette 
left  in  the  chronograph  screens,  the  target,  and,  in  the  two  checkout  shots, 
in  witness  papers  placed  midway  between  each  successive  pair  of  chronograph 
screens.  The  attitudes  ar  the  various  witnesses  are  given  in  Table  1.  In  an 
earlier  program,  we  determined  that  near  the  fully  tumbled  attitude  (an  angular 
charge  of  90  degrees  or  270  degrees)  the  energy  or  momentum  expended  in  per¬ 
forating  the  witness  can  affect  the  rate  of  tumble.  This  is  particularly  true 
with  targets  which  are  usually  more  substantial  chan  the  witness  papers  or 
^  screens.  Also  silhouettes  in  witness  papers  at  projectile  attitudes  near  zero 
degrees  are  difficult  to  measure  since  the  bullet  ogive  does  not  cut  a  neat 
hole  at  small  attitudes  with  the  meplat  leading.  Therefore,  the  most  reliable 
tumble  attitudes  are  those  in  witness  sheets  nearer  to  the  target.  Note  that 
the  rate  of  tumble  per  unit  distance  travelled  between  chronograph  screens  - 


Table  1.  Projectile  Attitudes  During  Tests 


o  o  o  o 

•  •  •  « 

«  -<r  irt 


a  o  a  a  a  a  a  o  o  o  a  m 

••••••  •••••« 

(S  N  N  N  N  N  N  SP 


yielded  tendering  uieuaureiuent  non- iudical i ve  ot  projectile  attitude. 


and  3  was  6.4  degrees/ft  for  Checkout  1,  6.8  degrees/ft  for  Checkout  2,  and 
6.95  degree  for  the  tank  test.  These  tumble  rates  are  essentially  equivalent. 
Using  the  rate  of  tumble  for  this  test,  the  tumble  attitude  at  impact  was 
probably  101.6  degrees  rather  than  the  113.3  degrees  indicated  by  the  silhou¬ 
ette  in  the  fuel  tank.  However,  the  113.3  degrees  is  more  indicative  of  the 
projectile  attitude  when  entering  the  water  within  the  tank.  At  the  attitude 
of  113.3  degrees,  the  area  presented  by  the  bullet  would  be  approximately 
1.3035  sq.  in.  This  assumes  that  at  near  full  tumble  the  area  presented,  Ap  , 
is  equal  to  1/2  the  area  presented  base-on,  Apb,  times  cos  6  plus  the  area  9 
presented  side-on,  Aps,  times  sin  9,  or 

A_  *  4  A  ‘I  cos  8  I  +  A  •  I  s  in  0 1 . 

P9  2  pb  Ps 

Absolute  values  of  the  trigonometric  functions  are  used  to  provide  the  proper 
signs  for  these  two  increments  for  tumble  attitudes  greater  than  90  degrees. 
The  projectile  used  has  presented  areas  of  A«  -  1.36032  sq  in.  and  Apb  - 
0.27155  sq  in. 

The  projectile  used  has  a  mass  of  approximately  0.0041151  slug.  Thus 
the  approximate  kinetic  energy  of  the  projectile  at  impact  was  24,746  ft-lb. 
The  aass  was  determined  by  weighing  a  sample  of  28  like  projectiles.  The 
standard  deviation  of  this  sample  is  0.0000251  slug.  The  actual  projectile 
used  was  not  weighed. 

2.3.1  Hydraulic  Ram  Pressures 

The  four  hydraulic  ram  pressures  measured  are  shown  on  Figure  4.  This 
figure  shows  the  pressures  over  the  time  span  in  which  the  fuel  tank  tore. 

The  pressure  spikes,  both  positive  and  negative,  seen  on  ?2  should  be  ignored. 
These  spikes  are  probably  due  to  either  the  transducer  condition  (sensing 
element  contaminated  with  moisture)  or  are  a  characteristic  of  this  type 
transducer,  but  do  not  represent  true  pressure  inputs. 

2.3.2  Strain  Measurements 

The  strain  measurements  over  the  same  time  span  of  the  pressures  are 
shown  on  Figures  5,  6,  7,  3,  and  9.  These  are  separated  inco  sets  of  strain 
gage3  located  near  pressure  transducers  1,  2  or  3,  which  show  the  same  trends. 
Positive  strains  are  tension  negative  strains  are  compressions. 

Note  in  Figure  5  that  the  circumferential  strains  in  for  Sets  1  and  2 
have  similar  shapes  even  though  the  magnitudes  vary.  The  same  is  true  of  the 
longitudinal  strains.  The  circumferential  strain  at  Location  2  exceeded  the 
range  of  the  amplifier  and/or  the  tape  recorder.  These  had  been  spanned  to 
six  times  the  greatest  signal  anticipated. 

Note  in  Figure  6  that  both  Che  circumferential  and  longitudinal  strains 
for  Location  3  quickly  settle  to  significantly  lesser  (compressive)  strains. 
The  tearing  of  the  fuel  tank  noted  in  Figure  10  probably  occurred  shortly 
after  the  pressure  shown  at  P]_  arrived.  Note  the  initial  tensions  at  S2C  and 
S3e  which  quickly  changed  to  compressions.  Note  the  same  indication  at  S4C . 
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Figure  6.  Strains  at  Locations  3  and  4 
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Figure  9. 


S  trains  at  Locations  9  and  10 
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Strain  Gages  3  were  la  an  area  three  sides  of  which  were  bounded  by  tears  in 
the  composite  layers. 

The  strain  gages  at  locations  5,  6  and  7  (Figures  7  and  8)  show  char¬ 
acteristics  similar  to  one  another.  The  initial  move  to  a  compressive  strain 
by  the  circumferential  gages  again  indicate  that  the  tank  had  torn  before  the 
hydraulic  ram  pressures  became  effective  at  these  locations. 

The  strains  at  locations  8,  9  and  10  again  are  similar  to  one  another 
(Figures  8  and  9) . 

All  of  these  recordings  are  valid.  The  magnitude  exceeded  that  antici¬ 
pated  by  over  an  order  of  magnitude.  The  maximum  microstrain  is  estimated  to 
have  been  approximately  8000  micro inches  per  inch. 

2.3.  3  High  Frame  Race  Motion  Pictures 

The  frame  rates  achieved  were  2185  fr/sec  for  the  camera  viewing  the 
front  surface  and  2250  fr/sec  for  the  camera  viewing  the  rear  surface  of  the 
fuel  tank.  These  motion  pictures  were  taken  when  the  outside  light  level  had 
dropped  approximately  2  F-stops  below  that  required.  To  compensate  for  this 
low  light  level  the  film  processing  was  "pushed  one  stop."  With  the  ASA  400 
film  used  this  forced  processing  resulted  in  a  very  high  level  of  graininess 
in  the  pictures.  We  attempted  to  regain  the  second  F-stop  by  over  exposure 
in  the  making  of  the  movie  copy. 

2.3.  4  Examination  of  Test  Specimen 

The  impacted  side  of  the  test  specimen  is  shown  on  Figure  10  and  the 
rear  surface  on  Figure  11.  Note  that  even  though  the  hole  in  the  impacted 
surface  is  larger  chan  the  projectile  presented  area  at  impact,  that  the  flow 
through  the  resulting  hole  is  considerably  restricted  by  the  numerous  fiber 
ends  partially  blocking  the  aperture.  This  aperture  was  larger  than  desired 
due  primarily  to  the  hole  in  the  tank  wall  bored  for  pressure  transducer  No.  1, 
see  Figure  12.  Had  this  hole  not  been  bored  in  the  tank  wall  the  resulting 
aperture  could  have  been  chat  which  was  made  by  the  impacting  projectile. 

The  hole  made  In  the  rear  surface  was  the  si2e  of  the  perforating  frag¬ 
ment  of  the  projectile.  Figure  11. 

None  of  the  remainder  of  the  tank  suffered  damage  on  the  exterior  sur¬ 
faces.  A  "tap  test"  by  the  Fiber  Science  witness  indicated  no  difference  in 
the  extent  of  delamlnatlon  established  before  the  test;  however,  the  resonance 
of  the  surface  over  the  apparent  pie-test  "delamination"  indicated  that  the 
area  was  probably  not  delaminated. 

2.3.5  Tes  t  Data 

The  test  data  sheets  are  located  in  Appendix  A. 

2.4  Evaluation  of  Test  Results 

Rated  muzzle  velocity  for  this  particular  cartridge  in  the  weapon  for 
which  the  round  is  made  is  3281  f c/sec.  This  would  provide  an  impact  velocity 


*»• 
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Strain  Gage 
Location  3 


Figure  12.  Close-up  of  Damage  to  Impacted  Side 


NTota  that  the  composite  material  cear  intersected  the 
aperture  made  for  Pressure  Transducer  1  and  that  the 
Strain  Gages  at  Location  3  were  on  a  portion  at  the 
outer  wrap  which  had  lost  longitudinal  continuity. 


under  the  conditions  of  this  test  of  approximately  3226  ft/sec.  The  kinetic 
energy  possessed  by  such  a  projectile  would  be  21,413  ft-lb.  This  is  consi¬ 
derably  under  that  delivered  in  this  test;  it  is  in  fact,  a  16  percent  over¬ 
load.  This  excessive  kinetic  energy  which  combined  with  the  disruption  of 
the  filament  winding  strength  resulting  from  the  boring  of  the  hole  to  mount 
the  pressure  transducer  could  be  the  cause  of  the  excessive  tearing  of  the 
side  of  the  fuel  tark. 

Since  the  impact  velocity  and  the  resulting  kinetic  energy  were  greater 
chan  those  logical  for  this  test  and  since  the  hole  bored  for  the  No.  1  pres¬ 
sure  transducer  weakened  the  filament  windings  at  a  critical  point,  we  recom¬ 
mend  that  this  test  be  declared  invalid.  Repeat  of  this  test  would  be  in 
order. 


The  original  latent  in  subjecting  external  fuel  tanks  to  projectile  im¬ 
pact  tests  was  to  assure  that  the  fuel  tank  would  not  rip  open,  dumping  the 
fuel  or  presenting  a  drastically  different  aerodynamic  shape.  The  desire  was 
to  have  a  relatively  slow  pour  through  any  hole  and/or  to  maintain  the  basic 
aerodynamic  shape  of  the  fuel  tank.  This  tank  did  meet  those  objectives.  The 
fuel  poured  out  of  the  hole  made  at  the  impact  location,  and  the  tanks  aero¬ 
dynamic  shape  was  not  drastically  changed. 

2. 5  Recommended  Changes  for  a  Retest 

We,  at  SwRI ,  have  located  some  underwater  explosion  pressure  transducers, 
Figure  13,  which  do  not  require  a  hole  in  the  tank  wall  for  proper  determina¬ 
tion  of  the  incident  pressure.  We  would  propose  to  use  this  type  of  pressure 
transducer  in  a  repeat  test. 

We  are  testing  means  which  could  be  used  to  increase  the  illumination 
of  the  tank  for  the  high  frame  rate  motion  pictures.  We  propose  to  use  these 
light  intensification  techniques  in  future  qualification  tests. 
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1.0  INTRODUCTION 


1.1  PURPOSE  AND  BACKGROUND 

The  test  described  in  this  report  is  a  Fuel  Fire  Qualifi¬ 
cation  Test  of  the  450  Gallon  Filament  Wound,  Lightweight, 
Explosion  Proof,  External  Fuel  Tank  for  the  H-53  series  heli¬ 
copter  . 

The  Fuel  Fire  Test  is  described  in  Paragraph  3. 4.. 1.7. 4 
of  Technical  Exhibit  ASD/ENFEA-78 ,  October  1978: 

"A  tank  full  of  JP-5  shall  withstand  an  open  pit  fuel 
fire  (JP-4)  for  ten  minutes  without  rupture.  Suspension 
height  above  the  fuel  fire  shall  be  48  ±  2  inches  from 
tank  centerline  to  fuel  surface  line." 

The  fire-proof  external  tank  was  originally  suggested  in 
Mishap  Control  No.  WR76-022A. 

This  test  was  performed  for  Fiber  Science,  Inc.  by 
Dynamic  Science,  Inc.,  at  its  test  facility  in  Phoenix, 
Arizona.  This  Test  Report  was  prepared  by  Dynamic  Science, 
Inc.,  except  for  Section  1.4.2  and  those  portions  of  Data 
Sheet  2  requiring  cross-sectioning  of  the  tank. 

1.2  DESCRIPTION  OF  TEST  SAMPLE 


The  sample  used  in  this  test  was  a  prototype  of  the  450 
Gallon,  Filament  Wound,  Lightweight,  Explosion  Proof,  External 
Fuel  Tank  for  the  H-53  series  helicopter.  This  tank  was  de¬ 
veloped  and  fabricated  by: 

FIBER  SCIENCE,  INC. 

Salt  Lake  International  Center 
506  Billy  Mitchell  Road 
Salt  Lake  City,  UT  84116 


ft* 


ft 


under  Contract  No.  F09603-79-C-1642  from  USAF  Logistics  Command, 
Warner  Robins  Air  Logistics  Center.  The  tank  was  designated 
by  Fiber  Science,  Inc.,  as  Part  Number  2191-001A,  Serial  No. 
0005,  and  was  manufactured  in  April  1981.  This  tank  had  under¬ 
gone  previous  testing. 

1.3  DISPOSITION  OF  TEST  SPECIMEN 

Following  post-test  examination  by  Dynamic  Science,  Inc., 
the  test  specimen  was  returned  to  Fiber  Science,  Inc.  for 
further  analysis. 

1.4  CONCLUSIONS  AND  RECOMMENDATIONS 
1.4.1  Conclusions 

The  fuel  fire  test  was  conducted  with  a  slight  breeze  {7  - 
12  mph) .  The  reservoir  fuel  pan  was  insufficient  in  width, 
under  this  condition,  and  thus  only  about  75  percent  of  the 
circumference  of  the  tank  was  engulfed  in  flames. 

After  ten  minutes  of  burn,  extinguishing  of  the  fire  began 
in  accordance  with  specification  requirements.  The  tank  was 
in  test  a  total  of  30  minutes,  or  20  minutes  beyond  the  spec¬ 
ification  requirements  before  the  fire  could  be  extinguished. 

1.4,.  2  Recommendations  Concerning  Test  Procedure 

Based  on  the  experience  of  this  test,  there  are  two  pro¬ 
cedure  changes  that  should  be  incorporated  in  future  tests: 

1.  The  fuel  reservoir  should  be  wider  to  minimize  the 
effects  of  wind  in  order  to  ensure  that  the  tank  is 
fully  engulfed  in  flame. 

2.  The  fire  crew  on  hand  should  be  allowed  to  extinguish 
the  fire  in  the  manner  they  deem  best,  rather  than 
being  restricted  by  other  instructions. 


ft 
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1.5  REFERENCES 


1.  Technical  Exhibit  ASD/ENFEA-78 ,  October  1978. 

2.  Mishap  Control  No.  WR'76-022A 

3.  "Qualification  Test  Procedure,  H-53  Tank,  Require¬ 
ments  for  Fuel  Fire  Test,"  Fiber  Science,  Inc., 
Document  No.  QTP-2191  Section  "P,"  December  1980. 
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2 . 0  FACTUAL  DATA 


2.1  DESCRIPTION  OF  TEST  APPARATUS 


Table  2-1  presents  a  summary  of  all  instruments  and  equip¬ 
ment  used  for  the  collection  of  data;  the  equipment  manufac¬ 
turers'  names,  instrument  serial  numbers,  ranges,  accuracy, 
and  dates  of  latest  calibration.  All  other  data  (i.e.,  static 
measurements)  were  obtained  via  standard  measurement  techniques. 

2.2  TEST  PROCEDURE 

The  requirements  of  the  Fuel  Fire  Test  are  as  previously 
stated  in  Section  1.1. 

Section  2.2.1  describes  the  Fuel  Fire  Test  procedure. 
Section  2.2.2  describes  the  electronic  data  acquisition  pro¬ 
cess.  Section  2.2.3  describes  photography. 

2.2.1  Fuel  Fire  Test  Procedure 


The  test  procedure  generally  followed  the  outline  of 
Fiber  Science,  Inc.  document  QTP-2191  Section  "P,"  "Qualifi¬ 
cation  Test  Procedure,  H-53  Tank,  Requirements  for  Fuel  Fire 
Test,"  (Appendix  C) . 

The  procurement  of  military  grade  fuels  JP-4  and  JP-5 
by  a  non-military  organisation  presented  a  major  obstacle  in 
the  conduct  of  this  test.  Therefore,  with  the  approval  of 
Fiber  Science,  Inc.,  the  commercial  fuel  Jet-A  (described  in 
Marks'  Standard  Handbook  for  Mechanical  Engineers,  Eighth 
Edition,  P.  7-18,  as  "similar  to  JP-5")  was  substituted  as 
both  the  reservoir  and  tank  fuel. 


TABLE  2-1.  FUEL  FIRE  INSTRUMENTATION  AND  TEST  EQUIPMENT  SUMMARY 


The  tail  plug  of  the  tank,  accessible  only  for  test  purposes, 
was  covered  over  with  a  graphite/epoxy  mixture  by  Fiber  Science, 
Inc.  as  it  would  be  for  standard  units.  Internal  thermocouples 
were  routed  through  the  various  tank  access  covers  and  the  nose 
plug.  External  thermocouples  were  held  in  place  by  the  aforemen¬ 
tioned  graphite/epoxy  mixture.  The  rubber  hose  portions  of  the 
fuel  and  air  valves  were  painted  with  Avco's  Flamarest  1400-S  Fire¬ 
proofing  coating.  (Directions  for  mixing  and  applying  this  subs¬ 
tance  were  not  supplied  until  less  than  48  hours  prior  to  the  test 
and  the  manufacturer  specifies  a  72  hour  cure.  The  degree  of  pro¬ 
tection  provided  was  therefore  unknown.)  This  material  would  nor¬ 
mally  be  applied  by  Fiber  Science  prior  to  the  tank  leaving  their 
facility. 

The  fuel  tank  with  intergral  pylon  assembly  was  hung  from  a 
Fiber  Science  "Qualification  Test  Fixture"  using  the  attachment 
hooks  of  the  pylon  assembly.  The  Qualification  Test  Fixture  was 
bolted  to  a  steel  A-frame  fixture  such  that  the  tank  was  in  a  two 
degree  nose  down  attitude  and  the  center  point  of  the  tank  was  48 
inches  above  the  top  surface  of  the  reservoir  fuel,  per  Figure  1 
of  Appendix  C. 

The  fuel  reservoir  consisted  of  six  4'  X  8.5*  X  4"  steel  pans 
constructed  from  18  gauge  steel.  These  pans  were  laid  side  by 
side  to  form  a  continuous  24'  X  8.5'  reservoir.  A  one-inch-deep 
layer  of:  sand  was  placed  in  the  bottom  of  each  pan  to  provide 
insulation  from  the  heat  of  fire  to  avoid  warping  the  pans. 

The  steel  A-frame  with  tank  attached  was  placed  in  the  empty 
fuel  reservoir.  All  thermocouple  attachments  were  completed  and 
the  thermocouple  connectors  were  wrapped  with  asbestos  tape.  The 
attachment  points  of  the  Qualification  Test  Fixture  to  the  A-frame 
were  also  protected  with  asbestos  tape.  Steel  cables  were  attach¬ 
ed  to  the  mounting  bolts  at  either  end  of  the  pylon  and  looped 
over  the  top  of  the  A-frame  to  provide  redundant  support  of  the 
tank  in  the  event  of  a  melt-through  of  the  aluminum  pylon  assembly. 
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The  fuel  tank  was  filled  through  the  aft  filler  access  to 
the  point  of  overflow  from  a  standard  airport  fuel  tanker  truck. 
Per  Fiber  Science  Qualification  Test  Procedure  QTP  2191,  Section 
"p,"  Paragraph  4.5,  the  tank  contains  450  to  457  gallons  of  fuel 
when  filled  by  this  procedure  while  suspended  in  a  two  degree 
nose  down  attitude.  The  reservoir  pans  were  filled  to  a  depth  of 
3.5  inches. 

Ignition  of  the  fuel  reservoir  was  accomplished  with  a  re¬ 
mote  electric  match  ignition  system  with  a  manual  torch  backup. 
Time  zero  for  the  test  was  established  to  be  that  time  when  one 
of  the  external  theromocouples  registered  175Q°F  or  when  the  tem¬ 
perature  leveled  off  at  an  apparent  steady  maximum. 

The  fire  was  allowed  to  burn  unabated  for  ten  minutes  after 
time  zero,  at  whi<  h  time  the  test  was  completed  and  the  fire  crew 
began  the  exting^  shmg  process. 

The  thermocouple  outputs  were  recorded  on  magnetic  tape  and 
the  event  was  photographed  with  both  a  motion  picture  camera  and 
a  35  mm  slide  camera. 

2.2.2  Electronic  Data  Acquisition 

The  electronic  data  obtained  in  this  test  consisted  of 
temperatures  measured  by  ten  internal  and  nine  external  thermo¬ 
couples,  as  shown  in  Figure  2-1  and  TaDle  2-2. 

The  individual  transducers  and  other  components  of  the  data 
acquisition  system  are  previously  described  in  Table  2-1.  Each 
thermocouple  was  attached  to  an  Ectron  differential  amplifier 
within  one  of  the  Remote  Signal  Conditioning  Module  (RSCM)  main¬ 
frames  by  an  umbilical  cable.  After  amplification,  the  tranducer 
signals  were  converted  to  the  frequency  domain  by  the  Voltage  Con¬ 
trolled  Oscillators  within  the  RSCM  mainframe.  The  information 
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TABLE  2-2.  DESCRIPTION  OP  FUEL  FIRE  THERMOCOUPLE 
LOCATIONS 

Thermocouple 

Location 

Tl 

Internal 

Near  Nose  Plug 

T2 

Internal 

Near  Drain  Plug 

T3 

Internal 

Near  Top  of  Forward  Frame 

T4 

Internal 

Below  Forward  Access  Cover 

T5 

Internal 

Near  Top  of  Aft  Frame 

T6 

Internal 

Tank  Centerline  Behind  Aft  Frame 

T7 

Internal 

l 

Near  Bottom  of  Aft  Frame 

TS 

Internal 

Between  Fuel  and  Air  Valves 

T9 

Internal 

Near  Fiel  Filler  Access 

T10 

Internal 

Near  Tail  Plug 

Til 

External 

Nose  Plug 

T12 

External 

Drain  Plug 

Tl  3 

External 

Over  Forward  Frame 

T14 

External 

Over  Forward  Access  Cover 

Tl  5 

External 

Over  Aft  Frame 

T16 

External 

Bottom  of  Tank,  Rear  of  Aft  Frame 

T17 

External 

Between  Fuel  and  Air  Valves 

T18 

External 

Over  Fuel  Filler  Access 

T19 

External 

Tail  Plug 

l : •  _» _ i 
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was  then  multiplexed  and  transmitted  via  hardline  umbilical  to 
the  Sabre  III  instrumentation  tape  recorder  for  recording. 

The  recorded  multiplexed  signal  was  later  played  back  and 
demodulated  by  the  Data  Control  Systems  demodulator.  The  demodu¬ 
lated  analog  signal  was  then  filtered  and  plotted  by  the  Gould 
brush  recorder. 

The  data  traces  presented  in  Appendix  A  are  the  actual  ther¬ 
mocouple  output  voltage  levels.  Corresponding  temperature  levels 
were  determined  from  the  manufacturer's  calibration  table  and 
superimposed  on  each  chart  for  reference. 

V 

2.2.3  Photographic  Coverage 

The  Fuel  Fire  Test  was  recorded  on  16  mm  color  film  by  one 
studio  quality  motion  picture  camera,  as  shown  in  Table  2-3. 

A  hand-held  16  mm  camera  was  used  as  a  backup.  The  film  speed 
was  nominally  24  fps;  however,  due  to  loading  of  the  AC  generator 
used  to  power  the  camera,  the  actual  film  speed  during  the  test 
was  observed  to  be  21  fps. 

Additional  photographic  coverage  consisted  of  35  mm  slides 
and  16  mm  post-test  documentary  footage. 

2.3  TEST  RESULTS 

The  tank  did  not  rupture  during  the  test;  however,  it  was 
observed  to  be  leaking  to  some  extent  along  the  entire  length  of 
the  underside  after  the  tire  was  extinguished. 

It  should  be  noted  that  the  fire  was  not  completely  extin¬ 
guished  until  approximately  30  minutes  after  test  initiation. 

This  resulted  in  an  addition  of  approximately  20  minutes  to  the 
specified  burn  time.  During  the  extinguishing  process,  the  tank 
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was  sprayed  with  water  ^.hile  awaiting  standby  fire  units  to 
arrive.  This  water  could  have  become  trapped  in  the  honeycomb 
cells  on  the  side  of  the  tank,  mixed  with  fuel  vapors  and  some 
fuel  leaking  from  the  tank  post-rest,  and  thus  judged  to  be 
"fuel"  leaking.  The  extent  of  actual  fuel  leakage  observed  is 
therefore  considered  questionable  in  the  absence  of  a  chemical 
analysis. 

As  the  pass/fail  criteria  for  this  test  is  the  absence  or 
presence  of  a  rupture,  and  a  rupture  is  generally  defined  as  a 
break  or  breach,  the  tank  appears  to  meet  specification  require¬ 
ment. 


DSI  FORM  NO.  TSO  125 


3 . 0  TEST  DATA 


3.1  TEST  CONDITIONS 

The  test  was  set  up  according  to  the  procedures  set  forth  in 
Section  2.2.  Pre-test  approval  was  obtained  (Data  Sheet  1)  and 
the  test  proceeded. 

A  summary  of  the  test  conditions  is  presented  in  Table  3-1. 

3.2  TEST  RESULTS 


After  the  tank  had  been  filled  and  sealed  and  the  reservoir 
had  been  filled,  instrumentation  was  initiated,  and  the  ignition 
system  was  fired.  The  remote  ignition  system  failed  to  ignite  all 
six  reservoir  pans,  and  ignition  was  completed  by  hand.  Time  zero 
was  established  when  exterior  thermocouple  read,,  gs  leveled  off. 
Thermocouple  readings  are  presented  in  Appendix  A. 

Due  to  delay  caused  by  instrumentation  setup  problems  earlier 
in  the  day,  the  test  was  initiated  two-and-one-half  hours  later 
than  originally  planned.  In  the  meantime,  a  7-12  mph  wind  came 
up.  Because  of  the  wind  and  the  relatively  narrow  fuel  reservoir, 
only  the  bottom  and  downwind  side  of  the  tank  were  fully  engulfed 
by  the  flames. 

During  the  course  of  the  test,  a  significant  flame  was  ob¬ 
served  to  be  burning  around  the  fuel  filler  and  air  vent  valves. 
One  possible  explanation  is  that  the  elevated  internal  temperature 
caused  fuel  expansion  significant  enough  to  force  fuel  and/or 
vapors  out  through  the  valves  where  it  was  subsequently  ignited. 
Another  possible  explanation  is  that  the  flame  observed  around  the 
filler  and  vent  valves  was  actually  burning  epoxy  resin  which  is 


present  in  both  those  areas. 
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between  these  two  conditions  while  the  reservoir  was  burning. 


Some  fuel  leakage  from  the  top  of  the  tank  was  apparent  once  the 
reservoir  fire  was  controlled. 

After  the  specified  burn  time  of  ten  minutes,  the  fire  crew 
began  to  extinguish  the  fire.  Following  instructions  given 
earlier,  they  attempted  to  minimize  the  amount  of  extinguishant 
sprayed  on  the  test  article.  Due  in  part  to  the  magnitude  of  the 
fire  in  the  reservoir,  and  in  part  to  the  fire  caused  by  the  fuel 
leaking  from  the  tank  above  the  reservoir,  the  fire  was  not  extin¬ 
guished  quickly  and  the  crew  ran  out  of  the  "light  water"  foam. 

They  were  then  forced  to  spray  a  plain  water  ;jet  on  the  tank  to 
keep  it  cool  until  more  fire  units  could  arrive.  This  water  jet 
tore  away  most  of  the  graphite  windings  that  had  been  exposed  on 
the  downwind  side  of  the  tank.  Extra  fire  units  arrived  and  the 
fire  was  finally  extinguished  some  33  minutes  after  time  zero. 

Prior  to  final  extinguishing,  the  tape  recorder  had  run  out 
of  tape  and  the  camera  had  run  out  of  film. 

Following  the  conclusion  of  the  test,  the  fuel  remaining  in 
the  tank  was  pumped  out  into  a  fuel  truck.  During  the  fuel  re¬ 
moval  operation,  it  was  noted  that  long,  sticky  strands  of  a  brown 
material  were  clogging  the  screen  of  the  siphon  tube.  It  is  pos¬ 
sible  that  the  very  high  internal  temperature  had  melted  the  ther¬ 
moplastic  liner  inside  the  tank  and  that  the  strands  of  material 
were  thermoplastic.  This  explanation  would  account  for  the  leak¬ 
age  of  fuel  noted  after  the  test. 

The  damage  to  the  tank  is  described  in  the  post-test  observa¬ 
tions  of  Data  Sheet  2.  Table  3-2  presents  a  summary  of  the  thermo¬ 
couple  readings  throughout  the  first  ten  minutes  of  the  test.  Ail 
readings  presented  from  internal  thermocouples  are  considered 
unreliable.  Dynamic  Science  does  not  believe  that  the  relatively 
quick  rise  t imes  ind  ica ted ,  or  the  ultimate  reading  atta  mod ,  are 


realistic  for  this  type  test.  It  is  probable  that  actual  tempera 
tures  of  this  magnitude  would  have  melted  the  tank  liner  as  well 
as  some  portion  of  the  internal  fiberglass  windings.  Readings 
from  the  external  thermocouples  are  presented  with  a  high  degree 
of  confidence  and  believed  to  be  accurate.  Color  photographs  of 
the  test  are  presented  in  Appendix  B. 


DATA-SHEET  1.  PRE-FUEL  FIRE  EXAMINATION 

Testing  Activity:  Dynamic  Science,  Inc. 

Tank  Serial  No.:  0005 

Test  Date:  June  26,  1981 

Activity  Test  Engineer:  Terry  Bjork 

Fiber  Science,  Inc.  Test  Engineer:  Richard  R.  Lyman 

Government  Representative:  Hugh  Hilliard 


EXAMINATION  OF  PRODUCTS: 

Visual  Inspection:  Approved 
Delaminations  (Tap  Test) :  Approved 
MOUNTING: 

Aircraft  Simulated  Attachment  Deviations  If  Any: 

Fuel  and  air  fittings  exposed  (fairing  in  place)  - 
instrumentation  in  nose  plug  on  forward  end  - 
secondary  support  cables  attached  at  pylon  support  bolts 

ARRANGEMENT: 

Approved  Test  Arrangement: 


Testing  Activity  Approval 
Approved 


Date  (o~2J^~FS( 


F.S.I.  Test  Engineer'-Approval 


Approved 

/ 

Government  Approval 


Date  £1 


Approved  B y  Date  J-->  *  lT"i 


Minimum  of  two  signatures  required. 


_ _  TABLE  3-1.  FUEL  FIRE  TEST  SUMMARY 

Test  Description:  FSI  450  Gallon  Tank  Fuel  Fire 

Qualification  Test  ' 

Tank  Serial  Number:  0005  Mfg.  Date:  April  19 8 l' 
Test  Number:  Tl-1 _  ~ 

Number  of  Data  Channels:  19  ~ 

Number  of  Cameras:  1 

Date:  .June  26,  1981  Time:  9:29  AM  Temperature: 

|  PRE-TEST  DATA 

|  Tank  Fuel:  Jet-A  -  450  gallons  approx. 

I 

I  Reservoir  Fuel:  Jet-A  -  255  gallons  approx, 
j  Wind:  7-12  mph  E/ESE 

POST-TEST  DATA 

!  - - 

Initial  Ignition:  9:23:04 
Complete  Reservoir  Ignition  (tQ):  9:29:47 
Begin  Extinguishing (test  complete) :  9:29:50 
Extinguishing  Complete:  10:02:45 
j  Number  of  Ruptures:  None 
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TO  BE  COMPLETED  BY  FIBER  SCIENCE 


EVALUATION  OF  DATA 

% 

*  I 

CAMERAS:  _ 


THERMOCOUPLE  RECORDINGS 


DATA  SHEET  2.  POST  FUEL  FIRE  EXAMINATION  (CONTD) 


PYLON  CONDITION: 

Light  sheet  aluminum  on  right  side  nearly  completely 
melted  away.  Main  pylon  support  members  blackened  but 
intact.  Pylon  internal  mechanisms  blackened  but  intact 


TO  BE  COMPLETED  BY  FIBER  SCIENCE 


DISSECTION  OF  TANK 


Approved  By _ 

GENERAL  INTERIOR  CONDITION 


Date 


CONDITION  OF  INNER  WINDING 


CONDITION  OF  LINER 


APPENDIX  A 


FUEL  FIRE  THERMOCOUPLE  DATA 
(Analog  Filter  =  100  Hz) 
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PRE-TEST  OVERALL  REAR  VIEW  OF  TAM 


PRE-TEST  CLOSE-UP  VIEW  OF  LOU 


FIGURE  B-4.  PRE-TEST  CLOSE-UP  VIEW  OF  FUEL  ACCK.'- 
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I  j  FIGURE  B-5.  OVERALL  VIEW  OF  TANK  EARLY  IN  TES1 
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CLOSE-DP  VIEW  OF  TANK  DURING 


FIGURE  B-7 .  OVERALL  VIEW  OF  TANK  DURING  TEST. 


FIGURE  B-9 -  POST-TEST.  OVERALL  LEFT  SIDE  VIEW  OF  TANK. 


FIGURE  B-1C  POST-TEST  OVERALL 
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11.  POST-TEST  CLOSE-UP  LETT  SIDE  VIEW  OF  FUEL  AND  AIR  VALVE  REGION. 
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1.0  Introduction 


* 


Simulated  lightning  attachment  and  physical  damage  tests 
were  performed  on  a  full  scale  450  gallon  filament-wound  external 
fuel  tank  (part  no.  2191-001)  for  the  H-53  helicopter.  A  Sargent 
Fletbher  pylon  assembly  (part  no.  27-450-4400)  was  attached  to 
the  tank.  The  tests  were  performed  according  to  Fiber  Science 
Qualification  Test  Procedure  QTP-2191  Section  R  dated  29  November 
1980. 


Testing  took  place  at  Lightning  Technologies,  Inc.  during  the 
period  of  4  -  8  June  1981.  The  tests  were  witnessed  by  R.  Lyman 
of  Fiber  Science,  Inc.  and  H.  Hilliard  of  the  U.S.  Air  Force. 

Tests  were  conducted  by  J.A.  Plumer  and  J.E.  Pryzby  of  Lightning 
Technologies,  Inc. 

2 . 0  Summary  of  Results 

For  the  lightning  attachment  tests,  the  high  voltage  probe 
was  placed  at  various  locations  along  the  fuel  tank.  These  includ¬ 
ed  locations  opposite  the  drain  valve,  lower  adapter  screw,  graphite/ 
epoxy  and  glass  interface,  graphite  area,  nose  fuel  filler  cap, 
and  inside  ring. 

The  tests  showed  that  lightning  may  be  expected  to  strike  the 
drain  valve,  fuel  probe,  lower  adapter  screw  and  the  composite 
skin  itself,  but  not  the  filler  cap,  which  is  recessed  in  the  fil¬ 
ament  wound  skin.  The  general  location  of  most  lightning  strikes 
to  the  tank  is  determined  by  the  location  of  the  tank  on  the  heli¬ 
copter.  In  the  application  planned,  the  lower  and  outboard  surfaces 
of  the  tank  may  be  expected  to  receive  most  of  the  strikes.  None 
of  the  high  voltage  tests  conducted  on  this  tank  resulted  in  punc¬ 
ture  of  the  composite  skin. 

The  high  current  physical  damage  tests  were  conducted  with 
the  electrode  positioned  over  the  fuel  cap,  glass  and  composite 
skins  in  the  nose  area  and  over  the  forward  central  rib.  The 
resistance  of  the  composite  skins  limited  the  test  current  to 
currents  of  135  kA,  which,  while  representing  a  severe  strike, 
did  not  fall  within  the  tolerance  range  of  SAE  current  component 
A  (a  very  severe  stroke) .  Evidence  of  internal  sparking  was  noted 
by  evidence  of  light  on  Polaroid  photographs  of  the  inside  of 
the  tank  for  6  of  the  14  strike  current  tests.  The  location  of 
this  sparking  could  not  be  determined  positively,  but  was  thought 
to  be  at  the  pylon  attachment  bolts.  Minor  damage  and  local 
delamination  occurred  to  the  composite  skin  from  these  tests  but 
no  evidence  of  puncture  through  the  tank  wall  was  noted. 

During  some  of  the  high  current  tests,  voltages  induced  in 
the  fuel  quantity  probe  wiring  inside  the  tank  were  made.  Voltage 
transients  of  up  to  1600  volts  were  measured  between  the  Hi  Z 
and  Lo  2  probe  conductors  at  the  probe  connector  on  the  top  of 
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the  tank.  Since  most  fuel  quantity  probes  are  capable  of  with¬ 
standing  a  surge  of  10  kV  without  sparking  between  capacitive 
elements,  the  voltages  measured  here  are  not  likely  to  cause  a 
hazard.  It  must  be  remembered,  however,  that  additional  voltages 
may  be  induced  in  the  portion  of  the  electrical  circuits  that 
run  between  the  tank  and  the  gauging  system  within  the  helicopter, 
These  voltages  could  not  be  evaluated  during  these  tests,  and  can 
only  be  evaluated  by  tests  of  the  tank  installed  on  the  complete 
helicopter. 

Induced  voltages  were  not  measured  in  the  pylon  ejection 
circuitry  because  the  circuits  leading  to  the  ejection  cartridges 
are  located  primarily  in  the  helicopter,  and  were  not  available 
for  these  tests. 

3 . 0  Description  of  the  Test  Specimen 

The  test  specimen  was  a  full  scale,  pre-production,  450 
gallon  filament-wound  external  fuel  tank  (P/N  2191-001,  SN0Q6) 
for  the  H-53  helicopter.  A  Sargent  Fletcher  pylon  assembly 
(P/N  27-450-4400)  was  attached  to  the  tank. 

4  •  0  Description  of  Tests 

4.1  Lightning  Strike  Attachment  Tests 


Simulated  lightning  strike  attachment  tests  (also  called 
high  voltage  tests)  were  performed  first  to  determine  detailed 
lightning  strike  attachment  points,  and  especially,  to  determine 
if  metallic  objects  on  the  tank,  such  as  the  drain  valve,  would 
attract  strikes.  The  tank  was  intially  positioned  with  the  high 
voltage  electrode  adjacent  to  the  drain  valve  at  a  distance  of 
12".  The  pylon  was  connected  to  the  generator  ground  circuit. 

A  475:1  resistive  voltage  divider  in  conjunction  with  a  Tektronix 
544  oscilloscope  was  used  to  measure  the  voltage  applied  between 
the  test  electrode  and  the  fuel  tank.  A  Polaroid-type  camera 
was  positioned  so  that  its  lens  entered  the  interior  of  the  tank 
through  the  filler  cap  opening  near  the  pylon.  Any  light  detected 
by  the  camera  during  testing  would  be  indicative  of  interior 
sparking.  Figure  1  shows  the  tank  in  position  for  the  lightning 
strike  attachment  tests. 
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A  500,000  volt  Marx- type  impulse  generator  was  utilized  to 
produce  the  voltage  for  these  tests.  The  test  circuit  schematic 
is  shown  in  Figure  2. 

4.1.2  Test  Results 

An  initial  waveform  checkout  was  performed  using  an  aluminum 
foil  covering  over  the  tank.  The  test  verified  that  the  applied 
voltage  waveform  met  the  specification  of  1,000  kV/us  +  507.  rate- 
of-rise  as  specified  in  Paragraph  4.1.1  of  SAE  Committee  AE4L 
"Lightning  Tests  Waveforms  and  Techniques  for  Aerospace  Vehicles 
and  Hardware",  June  20,  1978.  A  typical  applied  voltage  waveform 
is  shown  in  Figure  2. 
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Figure  2  -  Test  Circuit  and  Typical  Applied  Voltage  for 
Simulated  Lightning  Strike  Attachment  Tests. 

Testing  began  with  the  electrode  placed  adjacent  to  the  drain 
valve  at  a  distance  of  12".  The  Polaroid  film  showed  that  light 
had  appeared  inside  the  tank  during  Test  3  indicating  interior 
sparking.  No  further  evidence  of  interior  sparking  occurred  dur¬ 
ing  the  remainder  of  the  lightning  strike  attachment  tests.  In 
addition,  there  was  no  evidence  of  puncture  of  the  tank  wall 
during  these  tests.  The  test  results  are  tabulated  in  Table  1 
and  photographs  of  most  of  lightning  strike  attachments  are  shown 
in  Figures  3-11. 
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Figure  6  -  Lightning  Strike  Attachment  Test  No.  10.  Flashover 
to  Edge  of  Glass. 
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Figure  8  -  Lightning  Strike  Attachment  Test  No.  13.  Flashover 
to  Several  Spots  on  Edge  of  Graphite. 
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Lightning  Strike  Attachment  Test  No.  16.  Flashover 
to  Area  Several  Inches  Forward  of  Ring. 


Figure  10  -  Lightning  Strike  Attachment  Test  No.  18.  Flashover 
to  Label . 
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Table  1  -  Lightning  Attachment  Tests  on 
Fiber  Science  Fuel  Tank  (PN  2191-001,  SN  006) 


Test 

No. 

Electrode  Position 

Results 

Photograph 
Figure  No. 

1 

12"  from  aluminum  foil 

Waveform  checkout 

1 , OQOkV/ ys  +  50% 

2 

12"  from  drain  valve 

F/0  to  edge  of 
composite  at  drain 
valve  screw. 

3 

12"  from  drain  valve 

F/0  to  edge  of 
composite  at  drain 
valve  screw.  Light 
in  interior  of  tank 

3 

4 

12"  from  fuel  probe 
lower  adapter  screw 

F/0  to  composite 
skin 

4 

5 

12"  from  drain  valve 

F/0  to  edge  of 
drain  valve 

6 

12"  from  drain  valve 

II  n 

7 

M  11  II  »• 

II  II 

8 

11  II  II  II 

tl  II 

9 

12"  from  plain  area 
of  lower  skin 

F/0  to  plain  area 
of  lower  skin 

5 

10 

18"  from  edge  of  glass 
&  adjacent  to  transi¬ 
tion  between  graphite/ 
epoxy  and  glass 

F/0  to  edge  of  glass 

6 

11 

M  ti  <i 

F/0  to  glass  1"  aft 
of  edge  of  glass 

12 

18"  from  side  of 
graphite  area 

F/0  to  edge  of 
graphite  wrap 

7 

13 

18"  from  nose  fuel 
filler  cap 

F/0  to  several  spots 
on  edge  of  graphite 

8 

14 

II  II  It  II 

(1  II  II  II 

15 

f  *  f 1  * •  ii 

If  II  II  I* 
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Table  1  -  continued 


Test  Photograph 

No .  Electrode  Position _ Results _  Figure  No. 


16 

15"  from  spot  over 
inside  ring 

F/0  to  area  several 
inches  forward  of 
ring 

9 

17 

ii  n  n  <• 

F/0  to  area  of  ring 

18 

20"  from  aft  fuel 
filler  cap 

F/0  to  label 

10 

19 

13"  from  aft  fuel 
filler  cap 

F/0  to  edge  of 
graphite  around  cap 

11 

20 

It  tt  It  «1 

F/0  to  edge  of  cap 
opening 

NOTE : 

F/O  =  Flashover 

4.2  Physical  Damage  Tests 


Simulated  lightning  strike  physical  damage  tests  (high 
current  tests)  were  conducted  to  determine  the  extent  of  damage 
which  would  occur  to  the  composite  skin  from  a  severe  lightning 
stroke  current.  In  addition,  a  Polaroid- type  camera  was  position¬ 
ed  so  that  its  lens  entered  the  interior  of  the  tank  through  the 
filler  cap  opening  near  the  pylon.  This  camera  was  used  to  detect 
the  presence  of  sparking  in  the  interior  of  the  tank  during  the 
high  current  tests.  Any  such  sparking  would  normally  be  considered 
a  source  of  ignition. 

4.2.1  High  Current  Test  Circuit 

A  17  pF,  50  kilojoule  capcitor  bank  was  used  to  generate  the 
test  currents.  The  electrode  was  placed  in  contact  with  the  tank 
at  several  locations  during  the  test.  The  test  circuit  schematic 
and  typical  input  current  are  shown  in  Figure  12. 


High  Voltage 
Switch 


50  kA/div  20  ps/div 

Figure  12  -  Test  Circuit  Schematic  and  Typical  Oscillogram  of 

Applied  Current  for  Simulated  Lightning  Damage  Tests 


Table  II  presents  the  results  of  the  high  current  physical 
damage  tests.  Peak  currents  tended  to  be  lower  than  the  200  kA 
+  10%  peak  current  specified  for  zones  1A  and  IB  in  MIL-STD-1757 
Method  T03.  This  was  due  to  the  high  impedance  of  the  fuel  tank 
which  limited  the  peak  current.  As  a  result,  several  strokes  of 
lower  amplitude  were  made  to  several  spots,  so  that  the  cumulative 
damage  would  represent  that  produced  by  a  more  severe  stroke.  The 
Polaroid  camera  showed  that  light  flashes  did  occur  during  several 
of  the  tests  indicating  internal  sparking.  Preliminary  examination 
of  the  tank  interior  did  not  reveal  any  evidence  of  puncture  and 
it  was  not  possible  to  determine  the  location  of  the  sparking  that 
was  seen  on  the  Polaroid  photographs  because  the  interior  of  the 
tank  could  not  be  inspected  from  the  existing  port  .  Further 
investigation  for  the  location  of  the  internal  sparking  will  need 
to  be  made  by  dissection  of  the  tank.  Photographs  of  some  of  the 
high  current  tests  are  shown  in  Figures  13  -  21. 


Table  II  -  High  Current  Physical  Damage  Tests  on 
Fiber  Science  Fuel  Tank  (PN  2191-001,  SN  006) 
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135  0.22xl06  Over  composite 

skin  adjacent  to 
filler  cap 


Figure  16  -  High  Current  Test  No.  27.  Electrode  Over 
Center  of  Nose  Fuel  Filler  Cap  Area. 
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Figure  13  -  High  Current:  Test  No.  29.  Electrode  Over 
Center  of  Nose  Fuel  Filler  Cup  Area. 
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Figure  22  -  Light  in  Tank  Interior  During 
High  Current  Test  32. 


Figure  23  -  Light  in  Tank  Interior  During 
High  Current  Test  33. 


Figure  24  -  Background  View  of  Tank  Interior 
As  Seen  By  Polaroid  Camera. 


5 . 2  Electrical  Sparking 

The  electrical  sparking  noted  in  Paragraph  5.1  must  be 
considered  a  source  of  ignition  of  flammable  fuel  vapors. 

Whereas  the  location  of  this  sparking  could  not  be  determined 
from  the  tests,  the  fact  that  the  sparking  occurred  during  all 
of  the  tests,  no  matter  where  the  electrode  was  positioned, 
indicates  that  it  probably  occurred  where  the  current  exited 
from  the  tank,  possibly  at  the  fasteners  that  attach  the  compos - 
ite  tank  to  the  pylon  assembly,  because  the  current  necessarily 
passes  through  these  attachments  during  all  tests.  This  same 
path  would  also  be  taken  by  lightning  currents  striking  the  tank 
when  mounted  on  the  helicopter. 

Determination  of  the  sparking  locations  can  probably  be  made 
by  dissection  and  inspection  of  the  interior  of  the  tank.  Once 
the  locations  of  sparking  are  known,  it  should  be  possible  to 
design  effective  protection  against  sparking,  or  to  isolate  the 
sparking  from  flammable  vapors. 

5 . 3  Induced  Voltages 

The  induced  voltages  measured  in  the  fuel  quantity  probes 
are  beneath  the  levels  necessary  to  cause  sparks  in  most  fuel 
quantity  probes,  but  it  must  be  remembered  that  most  of  the 
electrical  length  of  these  circuits  is  outside  of  the  tank,  be¬ 
tween  the  tank  and  the  quantity  measuring  electronics  located 
in  the  helicopter.  For  this  reason,  the  measurements  recorded 
here  can  not  be  considered  conclusive.  The  tank  must  be  tested 
on  the  helicopter  to  determine  the  total  induced  voltage  that 
may  be  present  at  the  quantity  probes  as  a  result  of  lightning 
strikes  to  the  tank  in  flight. 

For  this  same  reason  no  measurements  were  made  on  the  pylon 
actuator  circuits.  No  portion  of  these  circuits  enters  the  tank. 
Here  again,  the  induced  voltages  that  may  reach  the  actuators 
are  induced  in  the  circuitry  between  the  actuators  and  the  heli¬ 
copter  electrical  system,  and  a  full-vehicle  test  is  necessary 
for  their  evaluation. 
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l.o  rrmoDucTioN 

Till*  document  present*  test  waveforms  aiuI  tech¬ 
niques  for  slnulated  lightning  testing  of  aerospace 
vehlclaa  and  hardware.  The  waveforms  presented  ar* 
based  on  the  best  available  Knowledge  of  the  natural 
lightning  environment  coupled  wlch  e  practical  con¬ 
sideration  of  state-of-the-art  laboratory  teclmlquea. 
This  document  does  not  Include  design  criteria  nor 
does  1c  specify  which  items  should  or  should  not  ba 
toated. 

Tost*  and  associated  procedures  described  here¬ 
in  are  divided  Into  two  general  categories: 

o  Qualification  testa 

o  Engineering  testa 

Acceptable  levels  of  damage  and/or  pass-fall 
criteria  for  the  qualification  tests  nust  be  provided 
by  ehe  cognizant  regulatory  authority  '->r  each  parti¬ 
cular  caaa. 

The  engineering  testa  provide  Important  data 
that  nay  be  necessary  to  achieve  a  quallflabl*  design. 

Tli*  tern  Aerospace  Vehicle  covers  a  wide  variety 
of  systems,  Including  fixed  wing  aircraft,  helicop¬ 
ter*,  missiles,  and  spacecraft.  In  addition,  natural 
lightning  la  a  complex  anil  variable  phenomenon  and 
It*  Interaction  with  different  types  of  vehicles  nay 


ba  manifested  In  nany  different  ways.  It  is  there¬ 
fore  difficult  to  address  cvnry  possible  situation  In 
detail.  However,  the  test  waveforms  described  heroin 
represent  the  significant  aspects  of  the  natural  en¬ 
vironment  end  ere  therefore  independent  of  vehicle 
type  or  configuration.  The  recommended  ce9t  teclrnl- 
ques  have  also  bean  Kept  general  to  cover  as  nany 
test  situations  as  possible.  Some  unique  situations 
may  not  fit  Into  the  general  guidelines;  In  such  In¬ 
stances,  application  of  cha  waveform  components  nuat 
be  tailored  to  the  specific  situation. 

The  test  uavefoms  end  techniques  described 
herein  for  qualification  testa  simulate  tha  effaces 
of  a  sever*  lightning  to  an  aerospace  vehicle. 

Where  it  tiaa  been  sl.O'.r  hat  test  conditions  can  af¬ 
fect  results  of  the  te;  .,  a  specific  approach  la  re¬ 
commended  as  a  guideline  'o  new  laboratories  and  for 
consistency  of  results  between  laboratories. 

It  la  not  Intended  that  every  waveform  and  teat 
described  herein  be  applied  to  every  system  requiring 
lightning  verification  testa.  The  document  la  written 
■o  that  specific  aspect*  of  the  envlroaent  can  b* 
called  out  for  each  specific  program  as  dictated  by 
tha  vehicle  design,  parfomanca,  and  mission  con¬ 
straints. 


* 


For  each  strokes 

Time  to  peak  current  •  1.5  jjs 
Time  to  Half  Value  ■  40  ^js 


Initial  return  Stroke  For  J he  complete  flash  : 


to  Scale) 


(A)  Severe  negative  lightning  flash  current  waveform. 

(Courtesy  of  Cianos/Pierce) 


2  5  10  Time 

ms  ms  ms  (Not 


to  Scale) 


(B)  Moderate  positive  lightning  flash  current  waveform. 
Figure  2-2  Lightning  flash  current  waveforms. 
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2.1.4  Huatrlkc  I'haae 

In  a  typical  ltchtnlnR  flash  therg  will  Us  sev¬ 
eral  lit j-li  current  strokes  following  tits  first  return 
stroke,  Theae  occur  at  Intervals  of  several  ten*  of 
milliseconds  as  dlfforunc  charge  pool. eta  la  the  cloud 
ere  tapped  end  their  charge  fad  Into  the  lightning 
clunnel.  Typically  the  peek  eoplltude  of  the  ra- 
strikes  1*  about  one  half  that  of  the  Initial  high 
current  peak,  but  the  rate  of  current  rlaa  le  often 
greeter  then  that  of  the  first  return  etroka.  The 
continuing  currant  often  links  theae  various  succeea- 
lve  return  ecrokea,  or  roetrlkea. 

2 . 2  Aerotjwce  Vehicle  lightning  Strike  Phenonena 

2.2.1  Initial  Actactment 

Initially  the  lightning  flesh  will  enter  and  exit 
the  aircraft  at  two  or  oora  attachnant  points.  Thera 
will  always  he  at  least  one  entrance  point  and  one  exit 
point.  It  le  not  possible  for  the  vehicle  to  store  the 
electrical  energy  of  the  lightning  flesh  la  the  capaci¬ 
tive  field  of  the  vehicle  end  so  avoid  an  exit  point. 
Typically  these  initial  attactnent  points  ere  at  the 
extresltlea  of  the  vehicle.  These  Include  the  nose, 
wing  tips,  elevator  and  stabiliser  tips,  protruding 
antennae,  end  engine  pods  or  propeller  blades,  light¬ 
ning  can  alao  attach  to  tha  leading  edge  of  swept  wlnga 
and  9oaa  control  surfaces. 

2.2.2  Swept  Stroke  Phen<*icnon 

The  lightning  channel  la  aooewhat  stationary  In 
apace  while  it  le  transferring  electrical  charge. 

When  a  vehicle  le  involved  It  becomes  part  of  the 
channel.  However,  due  to  the  speed  of  the  vehicle 
an!  tha  length  of  tlna  that  tha  lightning  channel  ex¬ 
ists,  the  vehicle  can  move  relative  to  the  lightning 
channel.  When  a  forward  extremity,  such  as  a  noaa 
or  wing  mounted  angina  pod*  era  Involved,  tha  surface 


novoa  through  the  lightning  channel .  .hun  lli**  1  1  — 

nlnn  channel  appears  to  swoop  hack  aver  the  aurfnc# 

40  llluntr Atod  in  figure  2-1.  Thin  U  known  an  iho 
miept  ntroko  phenomenon.  An  the  awnoplnR  octlnn  oe- 
curo,  the  typo  of  uurface  can  cause  the  lightning 
channel  attach  point  to  dwell  at  varlouo  surface  lo¬ 
cation#  for  different  perlodo  of  tine,  renulttou  in 
a  sl  ipping  action  which  produce:!  a  aerlcn  of  <1ln- 
crete  attachment  points  alonR  the  sweeping  path. 

Tho  amount  of  damage  produced  at  nny  point  on 
the  aircraft  by  e  awept-strokc  depends  upon  the  type 
of  neterlal,  the  arc  dwell  tine  at  that  point,  and 
the  lightning  current*  which  flow  during  the  attach¬ 
ment,  Both  high  peek  current  reetrikea  with  lntor- 
oodlate  current  component#  and  continuing  currontfi 
may  be  experienced,  Restrikea  typically  produce  ro- 
ettachnent  of  the  ere  at  e  new  point. 

When  the  lightning  arc  hae  heen  iwept  back  to 
one  of  the  trailing  edges  it  may  remain  attached  at 
that  point  for  the  remaining  duration  of  tha  light¬ 
ning  flash.  An  initial  exit  point,  if  It  occurs  at 
a  trailing  edge,  of  course,  would  not  be  subjected 
to  any  swept  stroke  action. 

The  significance  of  the  swept  stroke  phenomenon 
la  Chat  portions  of  the  vehicle  that  would  not  be 
target*  for  the  initial  entry  and  exit  point  of  a 
lightning  flash  nay  al»o  be  Involved  In  the  light¬ 
ning  flash  process  as  the  flash  ie  swept  backwards 
across  tha  vehicle. 

2.2.3  LlghtnlnR  Attachment  2ones 

Aircraft  surfaces  can  then  be  divided  into  thro 
tones,  with  each  tone  having  different  lightning  at« 
tachnont  and/or  transfer  char-.c  terlatlca.  These  an 
defined  ee  follows: 

Zone  1;  Surfaces  of  tho  vehicle  for  which  thel 

le  a  high  probability  of  initial  lightning  flu 

attachment  (entry  or  exit). 


Figure  2-1  Swept  stroke  phem/menon. 


Zona  2 1  r.urf  aeaa  of  tha  vahtclo  across  wMth 
there  1«  •  high  probability  of  •  lightning  flaah 
being  swept  by  tha  airflow  fro*  a  f.ona  I  point 
of  Initial  flaah  attachment. 

for. a  3 1  Zooa  3  Includes  all  of  tha  vahlela 
areaa  other  thee  tlioaa  covered  by  Iona  1  aod 
Zooa  2  tag Lena.  X*  Zona  3  tbata  la  a  low  prob¬ 
ability  of  aay  attachment  of  tha  dlract  light¬ 
ning  filth  arc.  Zona  3  aria a  nay  carry  aub- 
acantlal  aaounta  of  alactrlcal  currant  but  only 
by  dlract  conduction  batvaan  soma  pair  of  dlr¬ 
act  or  auapt  at rota  attachment  poinca. 

Zonaa  1  nod  2  any  ba  further  divided  Into  A  and 
I  ration*  dapandlnt  on  tha  probability  that  tha  flath 
will  hant  on  for  any  protracted  period  of  tla*.  An  A 
type  ration  la  one  la  which  that*  1*  low  probability 
that  the  are  will  raaala  actachad  and  a  B  type  ration 
la  oo*  In  which  there  la  a  high  probability  that  the 
arc  will  caoaln  attached.  Son*  examples  of  tonaa  ara 
aa  followai  ' 

Zona  1AI  Initial  attaehnaat  point  with  low  prob¬ 
ability  of  flaah  hant-on,  euch  aa  a  laadlnt  ad|a. 

Zona  lBt  Initial  attachnant  point  with  high  prob¬ 
ability  of  flaah  hang-on,  euch  aa  a  trailing  ed|*. 

Zona  ZAt  A  ewapt  atroka  ton*  with  low  probabil¬ 
ity  of  flaah  ban* -on.  auch  aa  a  wing  nld-apan. 

Zona  2Bi  A  uwapt  atroka  too*  with  high  proba¬ 
bility  of  flaah  hang-on,  auch  a*  a  wing  Inboard 
trailing  edge. 

2.3  Aaroapac*  Vahlela  lightning  Effacta  Phenomena 

Tha  lightning  efface*  to  which  aaroapac*  vnhl- 
claa  are  atpoaad  and  tha  affecca  which  ehould  ba  re- 
produead  through  laboratory  taatlng  with  almulateri 
lightning  waveform*  can  b*  divided  Into  DIRJCT  tf- 
PECTS  and  DTOIttCT  E7TECTS.  The  direct  afreet*  of 
lightning  ara  ch*  burning,  eroding,  blantlng,  and 
atruccural  dnformaclon  cauaad  by  llghtolng  are  *C- 
Cachmant,  aa  wall  aa  tha  hlgh-preaaura  ahock  wavaa 
aod  magnetic  forcaa  produced  by  tha  aaaoclacad  high 
current*.  The  Indirect  effect*  are  pradomlnatly 
thoac  reaultlng  fro*  tha  Interaction  of  the  electro¬ 
magnetic  fields  accompanying  lightning  with  elecclcal 
apperato*  la  the  aircraft.  Betardou*  indirect  affect* 
could  In  principle  ba  produced  by  a  lightning  flaah 
that  did  not  directly  contact  tha  aircraft  and  hanc* 
wa*  not  capable  of  producing  tha  dlract  affect*  of 
burning  aod  blaactag.  Bowavar,  It  1*  currently  ba- 
llavad  that  moat  indirect  effacta  of  Importance  will 
ba  aaaoclacad  with  •  dlract  llghtolng  flaah.  In  acme 
caaa*  both  dlract  aod  Indirect  effects  aay  occur  te 
tha  a  ana  component  of  Che  aircraft.  Aa  snaapla  would 
ba  a  lightning  flaah  to  an  antenna  which  phyalcally 
damage*  tha  aotanna  and  alao  aaoda  danaglng  voltage* 
Into  tha  traoanlttar  or  receiver  connected  to  that 
antenna.  In  this  document  tha  phyalcal  daaaga  to  tha 
antanna  will  b*  discussed  aa  a  direct  effect  and  the 
voltage*  or  currant*  coupled  from  the  antenna  Into 
Ch*  cownlcatlooa  egulpaant  will  b*  treated  aa  aa 
indirect  affect. 


2.3.1  Dlract  f.ffpcta 

The  natura  of  tit*  particular  dlract  affect*  **- 
•oclatid  with  any  lightning  flaah  dapanda  upon  tha 
•tructural  component  involved  and  tha  particular 
phaaa  of  tha  lightning  currant  transfer  dlacuaaad 
aerllar. 

2. 3.1.1  Bumlna  and  PTrwlln| 

The  continuing  currant  phaaa  of  a  lightning 
atroka  can  cauaa  aevara  burning  and  eroding  damage 
to  vahlela  atructuraa.  Tha  moat  aavera  daaaga  oc¬ 
curs  vhaa  tha  llghtolng  channel  dwalla  or  hang*  on 
at  oo*  point  oo  tha  vehicle  for  tha  entire  period  of 
tha  lightning  flaah,  auch  ••  la  Zona  11.  This  can 
roault  la  hoi *e  of  up  to  a  fav  cane lmat ara  la  d la¬ 
me  tar  oo  tho  aircraft  akla. 

2. 3. 1.2  Vaporlcatlon  TraMur* 

Tha  high  peak  current  phaaa  of  tha  lightning 
flaah  tranafara  a  large  amount  of  energy  In  a  short 
period  of  tin*,  a  ftw  tact  of  alcroaacooda.  Thl* 
energy  tranafar  cao  result  Id  a  fast  thermal  vaporita- 
tloo  of  material.  If  chi*  occurs  In  a  coot lnad  area 
such  a*  a  radon*,  a  high  pressure  may  be  created 
which  ray  ba  of  sufficient  magnitude  to  cauaa 
structural  damage.  The  vaporisation  of  natal  end 
other  materials  and  tha  heating  of  the  air  Inalda 
tha  radons,  craata  the  high  internal  pressure  that 
lends  to  structural  failure.  In  soma  lnetantcaa 
lntlra  redone*  havm  bten  blown  fro*  tha  aircraft. 

2. 3.1.3  tlagaetlc  fore* 

During  tha  high  peek  currant  phaea  of  tha  llght¬ 
olng  flaah  tha  flow  of  currant  through  sharp  beads 
or  corners  of  tha  aircraft  structure  cao  couaa  aa- 
teoalva  magoatlc  flux  Interaction.  lo  certain  caaaa, 
tha  resultant  magoatlc  forcaa  can  cvlat,  rip,  dis¬ 
tort,  aod  tear  atructuraa  away  from  rlvata,  acrava, 
aod  other  faatanara.  Thasa  oagnatlc  force*  ara  pro¬ 
portional  to  the  eguaro  of  the  magnetic  field  lmcao- 
alty  wad  thus  era  proportional  to  tha  aguara  of  the 
lightning  currant,  Tha  daaaga  produced  la  related 
both  to  tha  magoatlc  force  aod  to  tha  raaponaa  etna 
of  tha  ayataas, 

2. 3.1.4  fit*  and  explosion 

fuel  vapors  and  other  coobustlblsa  may  ba  Ig¬ 
nited  In  aavaral  way*  by  a  lightning  flash.  During 
tha  praatrlka  phase  high  alactrlcal  atraaaaa  around 
tha  vahlela  produce  screamers  from  tha  aircraft  ex¬ 
tremities.  Tha  design  and  locaClon  of  fuel  vanes 
determine  chair  susceptibility  to  atraaaar  condi¬ 
tions.  If  aersstara  occur  from  a  fuel  vmot  In  which 
flammable  fual-alr  mixtures  are  present.  Ignition 
aay  occur.  If  chla  Ignition  la  not  arrested,  flames 
can  propagate  into  tha  fuel  tank  art*  and  cauaa  a 
major  fuel  explosion. 


TU«  flow  of  lightning  current  through  vehicle 
structures  can  cause  sparking  at  poorly  bonded  struc¬ 
ture  Interfaces  or  Joints.  If  such  sparking  occurs 
where  combustibles  such  as  fuel  vapors  are  located, 
Ignition  cuy  occur. 

Lightning  attaching  to  an  integral  tank  skin 
may  puncture,  burn  holes  In  the  tank,  or  heat  the 
Inside  surface  sufficiently  to  Ignite  eoy  flencaable 
vapors  present. 

2. 3. 1.3  Acoustic  Shock 

The  air  channal  through  which  the  lightning 
flesh  propagates  Is  nearly  lnataotaneoualy  heated 
to  a  very  high  temperature.  When  the  resulting  shock 
wave  lnplngea  upon  a  aurface  1c  say  produce  a  da- 
atructlve  overpressure  and  cause  Mechanical  danage, 

2.3.2  Indirect  Effacca 

Danage  or  upset  of  electrical  equipment  by  cur¬ 
rants  or  voltages  la  defined  as  an  Indirect  effect. 

In  chla  document  such  danage  or  upset  la  defined  aa 
an  indirect  effect  even  though  such  currents  or  volt¬ 
ages  nay  arise  as  a  result  of  a  direct  lightning 
flash  attachment  to  e  piece  of  external  electrical 
hardware.  An  example  would  be  e  vlng-dp  navigation 
light.  If  lightning  shatters  the  protective  glass 
covering  or  burna  through  the  metallic  housing  and 
contacts  the  filament  of  the  bulb,  current  can  he 
Injected  Into  the  elecerlcal  wires  running  from  the 
bulb  co  the  power  supply  bus.  This  current  may  bum 
or  vaporize  the  wires.  The  associated  voltage  surge 
may  causa  breakdown  of  Inaulaclon  or  danage  to  ocher 
electrical  equipment. 

Even  if  the  lightning  flesh  dose  not  contact  wir¬ 
ing  directly.  It  will  sec  up  changing  electromagnetic 
fields  around  the  vehicle.  The  metallic  structure 
of  the  vehicle  does  not  provide  a  perfect  Faraday 
cage  electromagnetic  shield  end  therefore  eooe  elec¬ 
tromagnetic  flelda  can  enter  the  vehicle,  either  by 


diffusion  through  nacalllc  skins  or  direct  penetra¬ 
tion  throuch  apertures  such  as  akin  Jnlncg  anil  vln- 
dovs  or  other  nonnetalllc  nocelons.  tf  the  rlaldn 
ere  chanr.lnrs  with  respect  to  cine  anil  Jink  electri¬ 
cal  circuits  Instda  the  vehicle,  they  will  Indue, 
transient  voltages  end  currents  Intn  cheso  circuit;!. 
These  voltagss  my  be  hazardous  to  avionic  and  «lnc- 
trlcel  equipment,  as  well  as  a  source  of  fuel  lp,nt- 
tlon. 

Voltages  and  currenta  may  also  be  producad  hy 
the  flow  of  lightning  current  through  the  resistance 
of  che  aircraft  structure. 

2.3,3  Effects  on  Personnel 

One  of  the  ooec  troublesome  affects  on  personnel 
lfl  flash  blindness.  Tills  often  occurs  c o  flight  crew 
monberfs)  who  nay  be  looking  out  of  che  vahiclc  In 
Che  direction  of  the  lightning  flash.  The  rasultln*;; 
flash  blindness  nay  persist  for  periods  of  30  seconds 
or  nore,  rendering  che  ctew  member  temporarily  wnohla 
Co  use  his  eyes  for  flight  or  lnatrunent-raading 
purposes . 

Porsonnel  Inside  vehicles  nay  also  be  subjected 
to  hazardous  effects  from  lightning  strikes.  Serious 
electrical  shock  nay  be  caused  by  curtents  and  volt¬ 
ages,  conducted  via  control  cables  or  wiring  lending 
to  th#  cockpit  from  control  surfaces  or  ocher  hard¬ 
er#  struck  by  lightning.  Shock  can  also  he  Induced 
by  the  intense  thunderstorm  electromagnetic  fields. 

The  shock  varies  from  mild  to  serious;  suffi¬ 
cient  co  cause  numbness  of  hands  or  feet  and  jone 
disorientation  or  confusion.  This  can  be  quits  haz¬ 
ardous  In  high-performance  aircraft,  particularly 
under  the  thunderstorm  conditions  during  which  light¬ 
ning  strikes  generally  occur. 

Tests  to  evaluate  these  personnel  effects  are 
not  Included  In  this  docu=ont. 
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j.O  standard  itr.wTNtNo  PAiiAtumin  r.rtmiATioN 
3.1  Purroae 

Cmplete  natural  lightning  fleahe*  cannnc  be  du¬ 
plicated  In  th«  laboratory,  tiuet  of  th#  voltage  and 
current  eKaraetarlatlca  nf  lightning,  however,  can  ba 
duplicated  aaparataly  by  laboratory  icnaratora.  Thee# 
charactorlatlca  ara  of  tvo  broad  categorlaei  Tha 
VOLTAGES  prod uc ad  during  tha  lightning  flaah  and  tha 
CURRENTS  that  flow  In  tha  coaplatad  lightning  channel* 
With  a  faw  cxceptlone,  It  la  not  oaccaaary  to  liar- 
lata  high-voltage  and  hlgh-currant  charactarlatlca 
togathac. 

The  high-voltage  charactarlatlca  of  lightning 
dotenalna  attaclaaant  polnta,  breakdown  path#,  and 
•creamer  affacta,  wharaee  tha  eurrant  charactarlatlca 
datcrnlna  dlract  and  lndlract  affacta. 

In  ooat  caaaa,  lightning  voltage#  ara  elnulatad 
by  high-impedenea  voltage  generator*  operating  Into 
hlgh-lnpadanca  loada,  whlla  lightning  curranta  ara 
alnulatad  by  low  Impedance  currant  ganaratora  oparat- 
lng  Into  low-Lapadance  loada. 

Tha  unvefoma  daaerlbad  In  thla  aactloo  ara  lda- 
allaad,  Daflnltlona  ralaclng  to  actual  wavaehapee 
covarad  In  AhSt__and  TEE E_  Standard  Technique#  for 
Dielectric  TeataT ANSI  C68.1  <19b8)  aod  IEEE  No.  4. 
Thaaa  apaclf lcatloaa  ara  equivalent  and  ara  in  turn 
aqulvalant  to  High  voltage  Teat  Tachnlquaa.  IEC  &0-2 
(1973),  Tha  daflnltlona  In  thaaa  docinanta  ahould 
ba  uaad  to  determine  tha  front  tlae,  Juration  and 
rata  of  rlaa  of  actual  vmveforna. 

Sevara  lightning  flaah  voltaga  and  currant  w»v*- 
forna,  aa  daaerlbad  In  Paragraph  3.2  hava  baan  da- 
ve’cjed  for  purpoaaa  of  qualification  tearing:  vevt- 
foma  In  Paragraph  3.3  ara  for  RID  or  acraeolng  teat 
purpoaaa  and  ara  daalgeatad  engineering  taata. 


3.2  Dnvrfont  naacrlptlonn  for  Ouallf leal  Inn  Trata 
3.2.1  Voltage  Waveform# 

Tha  baalc  voltaga  vsvefom  to  which  vehicle#  ara 
aubjectnd  la  ona  tltat  rlaaa  until  breakdown  occur# 
althar  by  puncture  of  eolld  tnaulatlon  or  flnahovar 
through  tha  air  ur  aeroia  an  tnaulatlng  aurfaca,  Tha 
path  that  tha  tlaehovar  takae,  either  puncture  or  eur- 
faca  flanhovar,  depend*  on  the  race  of  rlaa  of  tha 
voltaga  oa  ehovn  In  Plgura  3-1. 

During  aoaa  type*  of  tilting  It  1*  nacaaaary  to 
dataralna  tha  critical  voltage  anplltuda  at  whlth 
breakdown  occur#.  Thla  critical  voltaga  level  da- 
panda  upoo  both  tha  rata  of  rlaa  of  voltago  and  tlie 
rata  of  voltaga  decay.  T\»  example#  are  (1)  deter- 
□Lining  tha  atrangth  of  tha  tnaulatlon  ueed  on  electri¬ 
cal  wiring  and  (2)  determining  tha  point#  froe  which 
electrical  etreonere  occur  on  a  vehicle  aa  a  lightning 
flaah  apptoachaa. 

Although  tha  exact  voltaga  vavefnna  produced  by 
natural  lightning  la  not  U) man ,  fllglit  aarvlea  data 
and  conaarvatlve  teat  phlloaophy  Justify  tha  defini¬ 
tion  of  feat  rlelng  voltage  vavafopae  for  the  taata 
luat  daaerlbad.  Voltage  taatlng  for  qualification 
purpoaaa  thue  cilia  for  two  different  atandard  volt¬ 
aga  wavafore.e.  Thaaa  ara  ahovn  In  Plgura  3-2  and  ara 
daaerlbad  In  tha  following  aaetloae.  The  qualifica¬ 
tion  taata  In  which  that#  uavefurna  ara  applied  ara 
prenentad  In  tha  teat  matrix  of  Table  1.  Tha  objec¬ 
tive#  of  aach  teat,  tha  teat  letup,  *ee aureeant  and 
data  requirements  ara  daaerlbad  In  Suction  4.0. 
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1.2. 1.1  Voltage  Vivilon  A  -  Beale  Lightning 
Waveform _  _ 


Thla  waveform  rives  at  •  ret*  of  1000  kV  per 
microsecond  (+50 X)  until  lte  Increase  is  Interrupted 
by  puncture  of,  or  fleehoser  ecroee,  tbo  object  unde r 
teat.  At  that  tin*  tb*  voltage  collapses  to  taro. 

The  rata  of  voltage  collapse  or  the  decay  tlaa  of  eh* 
voltage  If  breakdown  dose  not  occur  (open  circuit 
voltage  of  ch*  lightning  voltage  generator)  la  oot 
epee  If led.  Voltage  waveform  A  la  shown  in  figure 
3-2. 


The  taete  in  which  thaee  wmvofotm*  ara  appllad 
era  praeencad  in  Tabla  1.  The  objectlvee  of  each  teat 
along  with  eetup,  neaauraraeot,  end  data  requirements 
era  described  in  Section  4,0. 

3.2. 2.1  Cooponaot  A  -  Initial  High  Peak  Curtent 

This  component  slnulstas  the  firet  return  stroke 
and  la  cbarectaritad  by  t  peek  amplltudn  of  2QQ  kA 
(+1QX)  end  an  action  integral  (A'dc)  of  2  a  10° 
enp  -eecorvis  (+20X)  with  a  total  tine  duration  not 
exceeding  500  microseconds. 


3. 2. 1.2  Vo 1 cate  Waveform  8  -  full  Wave 

Waveform  B  la  a  1.2  x  SO  alcroaecond  vavefora 
*4ilch  is  cha  alactrictl  indue  cry  standard  for  impulse 
diolactrlc  taata.  It  rlaaa  Co  Croat  in  1.2  (+20X) 
mleroaecond*  and  decays  to  half  of  craat  amplitude 
in  SO  (+201)  microseconds.  Tima  to  craaC  end  decay 
time  refer  to  the  open  circuit  voltage  of  cha  light¬ 
ning  voltage  generator,  and  anise  thac  cha  wave¬ 
form  la  ooc  limited  by  puncture  or  flaehover  of  cho 
object  under  taec.  This  waveform  la  ehown  on  fig¬ 
ure  3-2. 

3.2. 2  Current  Uavafaraa 

It  la  difficult  to  reproduce  a  eavera  lightning 
fleeh  by  laboratory  simulation  becauoe  of  inherent 
facility  llmltaclone.  Accordingly,  far  determining 
the  effecte  of  lightning  currente  and  for  laboratory 
quallf icetloa  tooting  of  vehicle  hardware,  an  ldaal- 
Lzetl  repraaantac Ion  of  Che  components  of  a  severe 
lightning  fleeh  Incorporating  the  Important  aepecte 
of  both  poaltlve  end  negative  flashes  has  been  de¬ 
fined  and  la  ehown  on  figure  3-3, 

for  qua 1 If lc at loo  ceaclng,  there  ara  four  eost- 
ponente,  A,  8,  C,  and  0,  uaed  for  dacermloat loo  of 
direct  affects  and  cast  waveform  E  used  for  duCar- 
mlnacioa  of  Indirect  effecte,  Conponcnte  A,  8,  C, 
end  0  each  elculata  a  different  characterletlc  of  Che 
current  In  e  natural  lightning  fleeh  end  ere  shown  on 
figure  3-3.  They  are  applied  Individually  or  aa  a 
ctapoilu  of  tvo  or  oora  conponcnte  cogacher  Id  one 
taec.  There  are  very  few  cases  In  which  all  four  con- 
ponente  ausc  ba  applied  In  one  t*ac  on  che  eane  Cast 
object.  Rlea  time  or  race  of  change  of  current  has 
little  affect  an  physical  daoage,  and  accordingly  has 
oot  been  specified  In  rheas  caapooencs.  Current  wave¬ 
form  E,  also  shown  on  figure  3-3,  Is  Intended  to  dstsr- 
alne  Indirect  affects.  When  evaluating  Indirect  af¬ 
fects,  rata  of  change  of  curnnc  la  Important  and  le 
specified , 


The  actual  waveshape  of  thla  component  la  pur¬ 
posely  left  undefined,  because  in  laboratory  simula¬ 
tion  cha  waveshape  la  atrongly  Influenced  by  th*  type 
of  (urge  ganeretor  used  end  th*  characteristics  of 
th*  device  under  teat.  Natural  lightning  currente 
ere  unidirectional,  but  for  laboratory  simulation 
thla  component  nay  be  either  unidirectional  or  os¬ 
cillatory. 

3. 2. 2. 2  Connonenc  8  -  Intercedfata  Current 

Thla  component  simulate*  the  Intermediate  phase 
of  a  lightning  flash  in  which  currents  of  aavetal 
thousand  ampere*  flow  for  time*  on  the  order  of  sev¬ 
eral  mill leecooda .  It  1*  charac csrixed  by  a  curtent 
surge  with  an  average  current  of  2  kA  (+10X)  flowing 
for  a  maximum  duration  of  5  milliseconds  and  a  maxi¬ 
ma  charge  tranafar  of  10  coulonbs.  Th*  waveform 
should  ta  unidirectional,  a.g.  rectangular,  exponen¬ 
tial  or  linearly  decaying. 

3.2. 2. 3  Component  C  -  Continuing  Currsot 

Component  C  simulates  the  continuing  current  that 
flows  during  the  lightning  flash  end  transfers  nost 
of  tin  tltccrlcsl  cliargt.  This  canpoosoe  aunt  trans¬ 
fer  a  charge  of  200  couloDbe  (+20T)  In  a  tln«  of  be¬ 
tween  0.25  sod  1  second.  This  implies  curreoC  ampli¬ 
tudes  of  batwaen  200  and  800  amperes.  The  waveform 
should  be  unidirectional,  a.g.  rectangular,  exponen¬ 
tial  or  llnaarly  decaying. 

3 , 2 . 2 • A  Conpouvot  P  -  Rastrlke  Current 

Component  0  simulates  a  eubsequent  high  peek 
current.  It  le  characterized  by  *  peak  amplitude  of 
100  kA  (+101)  end  in  action  Integral  of  0.25  x  10 
enpere^-second  (^2QX), 


3, 2. 2. 5  Currant  Wavefo  rr%  C  -  Fast  Data  of  Rlaa 
jtroko  Tast  for  Full-siao  [Urdwirt 

Currant  wnvofnr*  l  alnulatea  ■  full-seal#  foot 
rata  of  rlaa  stroke  for  tcutlnc  vehicle  luirdwora 
which  ac  full  seal#  would  ba  200  kA  AC  100  kA/|»ao 
The  peck  Amplitude  of  Cho  derlvnclvc  of  this  waveform 
auat  bo  oc  least  2)  kA  per  nlcmaecond  for  at  least 
.0.5  nlcroaarowi,  cc  shown  1a  Flp.uro  1-3.  Currant 
uAvofom  C  lidc  c  nlnl’iue  ^.;>iiCii<i9  nf  50  l:A,  An  amp— 

1  1  Co«la  of  30  kA  lc  used  ca  embla  testing  of  typical 
aircraft  cowponanta  with  conventional  laboratory  llr.hc- 
nlng  currant  generators.  Tha  Action  integral,  fail 
time,  nod  the  rate  of  fall  «ra  not  specified.  If  da— 
aired  and  feasible,  component a  A  or  0  nay  ba  applied 
with  «  23  kA  per  itlcronecond  rate  of  rlee  for  ec  least 
0.3  microsecond  end  Che  direct  end  Indirect  effects 
evaluation  conducted  alroul tsnooualy. 

3.3  VAvefora  Descriptions  for  CnElnoerlnR  Teata 

3.3.1  Purpoae 

Lightning  voltage  end  current  waveforms  describ¬ 
ed  In  cha  following  paragraphs  have  baen  developed 
for  englnaerlng  design  and  analyst*. 

The  recta  lo  which  these  lavefomi  are  applied 
ete  presented  lu  Table  2.  The  objectives  of  eech  teat, 
along  t/lch  setup,  n«isurai«nt  and  data  requirements 
are  described  In  Section  4.0. 

3.3.2  ToltiRe  1’aveforma 


model  attach  point  t  teste  lit  th#  11.5.  Slow  front  wr.  ve- 
fnnaa  (on  the  order  of  hundreds  of  nicroaqcnnde)  pro¬ 
duce  e  greeter  uprrsd  of  Attach  points,  poAelbly  In¬ 
cluding  attachments  to  low  field  ruglone,  Tliorefor* 
the  teat  d'  :a  must  be  analysed  by  appropriate  statis¬ 
tical  metltoda  In  defining  Zona  l  regions. 

Two  high  voltage  waveforms  are  described  In  the 
following  paragraphs  and  shown  on  Figure  3-4,  Tlie 
first  le  e  fast  uavcfom  which  le  to  be  used  for  what 
will  ba  tarm*d  "fast  front  nodal  teats. *  the  second 
wevefona  la  a  alow  rising  vnvafora  vhlch  will  be  em¬ 
ployed  for  "alow  front  modal  testa." 

3. 3.2.1  Voltage  1/avaform  C  -  feat  Front  Model  Taste 

Title  le  a  chopped  voltage  wevefona  In  which  flesh- 
over  of  the  gap  between  the  model  under  celt  end  the 
teat  electrodes  occurs  et  2  microseconds  (t30Z)« 

Tits  amplitude  of  the  voltage  at  time  of  flaahovar 
and  the  rata  of  rise  of  voltage  prior  to  braakdotm 
are  not  specified.  The  vavafona  la  shown  on  Figure 
3.4. 

3. 3.2.2  Voltage  Uqvafore  D  -  Sim/  Front  Model  TtatS 

Tie  slow  fronted  waveform  haa  a  rise  time  between 
50  and  230  nlcroaeeonda  so  ea  to  allow  time  for  at  raw 
arc  from  the  model  to  develop.  It  should  give  a  higher 
strike  rate  to  the  low  probability  regions  than  other- 
vlae  might  hove  been  expected. 

3.3.3  Current  Uavafor— 


During  teats  on  nodel  vehicle#  to  determine  pos¬ 
sible  attachment  point*  the  length  of  r,ap  u**d  be¬ 
tween  the  electrode  simulating  the  approaching  leader 
and  the  vehicle  depends  upon  the  nodal  scale  factor. 
During  such  cests  It  1.  rlc.lr.bl.  ca  allow  th.  stream¬ 
er*  from  the  model  sufficient  tine  to  develop. 
Accordingly,  for  oodel  test.  1C  t.  nece.s.ry  to  stand¬ 
ardize  the  tin.  at  which  breakdown  occur.,  ev.n  though 
th.  r.c<  of  rl*.  of  volc.g.  1*  different  for  different 
te.ta. 

It  he.  boan  date  mini*  in  laboratory  testing  that 
th.  result*  of  attachment  polnC  te.tlng  are  Influenced 
by  th.  voltage  waveform.  Fj#t  rlalng  vavefnraa  (on 
cha  order  of  a  few  alcraeeconde)  produce  a  relatively 
few  nutibar  of  accach  point.,  usually  to  cha  apparent 
high  field  regloue  on  the  nodel  and  all  such  attach 
polr.ee  are  claaalflsd  aa  Zona  1.  Fate  rlalng  w*va- 
forna  lia/a  bean  uaad  for  practically  all  aircraft 


Currant  wavafom  conponenta  F  and  C,  shown  on 
Flgura  3-5,  are  Intended  to  decemlne  Indirect  effects 
on  very  large  hardware  aod  full  al:a  vehicle*.  The** 
wmvefom.  ar*  specified  at  reduced  amplitude*  to  over¬ 
con.  lnh.rent  full  vehlcl.  cast  circuit  limitation, 
and  also  to  allow  tearing  at  non-daatmetlve  levels  to 
b.  made  on  operational  vehicle,  at  noo-daatructlv. 
lev.l*.  Scaling  will  depend  on  eh.  natur.  of  th.  coup- 
llag  procee.  a*  detailed  In  the  following  paragraphs. 

3. 3. 3.1  T«ft  l.'avefona  F  -  Reduced  Amplitude 
1'nld  tract  tonal  'Aavefons 

Coaiponaot  F  alnulataa,  at  a  lew  currant  l.v.l, 
both  tha  rlea  tic*  and  decay  tu»a  of  cha  return  etrok. 
current  peak  of  cha  lightning  flash.  It  ha*  o  rla. 
tins  of  2  nlcroaeeonda  (+20Z),  a  decay  Clo*  to  lialf 
anplltud.  of  50  olcroaaconda  (£201)  and  a  alnlna 
amplitude  of  250  anparaa.  Indirect  effect,  oee.ur.- 
nanta  nad*  with  thl*  cooponafit  nuat  ba  extrapolated 
to  th.  full  lightning  current  anplltud.  of  200  kA. 


1 .3.3.2  Test  Waveforms  Cj  ami  Cj  -  Deeped  Oscillatory 
U«t« fores 


Fast  rata  of  rlaa  currant  weveforos  sod  higher 
amplitude  waveforms  say  often  ba  uaaftilly  miploysd  for 
Indirect  effects  tearing.  For  Indirect  effecta  da 
pend one  upon  realetlva  or  diffusion  flux  effect*  (l.e. 
not  aperture  coupling)  a  low  frequence  oeclllaeory 
current  -  waveform  C,t  In  which  the  period  (l/f)  1* 
long  coopered  with  the  dlffuaton  tine,  ehould  be  uaad. 
Tlila  require*  a  frequency,  f,  of  2.3  kllohsrct  or 
lower  (l.e.  the  duration  of  each  half-^ycle  la  equal 
to  or  gr nicer  than  200  pis),  Where  raalaclv*  or  dlff- 
union  effecta  are  eeeaured,  the  acallng  ehould  be  In 
tame  of  tha  peak  current,  with  full  acala  being  200  kA 

For  Indirect  effect*  dependent  upon  aperture 
coupling  the  high  frequency  current,  waveform  G_ 
ehould  be  uaed.  The  naxlmum  frequency  of  uevafSrm  C2 
ehould  be  no  higher  than  approximately  300  Khx  or  1/10 
of  tha  lowaae  natural  raaonant  frequency  of  the  air-* 
craft/ return  circuit,  whichever  1*  lower.  Whore  aper¬ 
ture-coupled  affect*  era  ncaaured  the  acallng  ahould 
be  In  cans*  of  raco-of-rl**  (dl/dt),  with  full  acala 
being  100  kA/p«. 

Whan  teeclng  composite  ecruccure*  with  wevefom 
Cj,  resistive  and  diffusion  flux  Induced  voltages  asp 
occur  as  well  as  aperture  coupled  volcagea,  and  re¬ 
sults  should  be  scaled  both  to  200  kA  and  to  100  kA/us. 


Current  (Not  to  Scale) 


I 

* 


vni.TARr.  vntTAC.l 

waveform  waveform 


T1a«  (Mot  to  Sctlo) 

Figaro  1-2  Idealized  Hlgh-voltogo  toot  uaveforae 
for  qualification  tooting. 


CURRENT  COMPONENT  A 
(initial  Stroke) 

Peok  amplitude  •  200kA  +  10X 
Action  Intogrol  •  2xlO®/P 
oecondo  +  If)  current 
Time  Duration  ^  SOOps 


CURRENT  COMPONENT  8 
( Interned  tat  o  Current) 


Definition  of  rota  of  rloo  require 
none  of  toot  wave for*  E. 


CURRENT  CfKPONENT  D 
(Rest rlke) 

Peek  amplitude*  lDftkA  ♦  10X 
Action  Integral*  0.25x10®  A2 
aecondo  ♦  201 


Currant 
*Ato  of  Rloe 


Maximum  Charge  Tronofer-  10  Couloaha  Tln*  i  5t)0»,• 

Avergao  Amplltudd*  2kA  +  101 

URRENT  COMPOENT  C 
(Continuing  Current) 

Charge  Tranafor  • 

200  Coulonbo  ♦  20X 
Anpl  It  ode  -  200-  800A. 


j*- t  5xlO*J  oec  -*|*-o.25  oec  *Ti  1  eec  -j 
Tlao  (Not  to  Scale) 


CURRENT  WAVEFORM  E 
Peak  amplitude  *50  kA 
Rate  of  Plea  £25  kA/uo 
for  at  leaot  0.5  jae. 


Figure  1-1  Idealized  current  teat  wavafora  coaponente 
for  qualification  tooting. 
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Figure  1-4  Ideallted  high  voltage  vevefonas  (or  engineering  rears. 


CURRENT  WAVEFORM  F 
T,»  2jia  ♦  20t 
T,.  30ns**  50T 
Peak  annlltude  _ 
250  amps. 


Tina 

(Not  Co  Seals) 


3. 3.3.2) 

1.3. 3. 2) 


Figure  3-3  Ideallted  current  waveforms  (or  engineering  test 
Peak  amplitudes  are  not  the  sane.) 
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Table  1 

Appl  lent  Ion  of  Waveforms  for  Qualification  Toata 


Teat 


Voltage  Test  Technique 

Zone  Waveform  Current  Wnveforma/Components  Tara.  No. 

F. 


Pull  size  hardware 
attachment  point 

1A,B 

X 

X 

4.1.1 

Direct  effects  •* 
structural 

1A 

X  X 

4.1.2. 

4. 1.2. 2.1 

II 

IB 

X  X 

X 

X 

4.1.2, 

4. 1.2. 2. 2 

•I 

2A 

X 

X 

X 

4.1.2, 

4. 1.2. 2. 3 

II 

2B 

X 

X 

X 

4.1.2, 

4. 1.2. 2. 4 

II 

3 

X 

X 

4.1.2, 

4. 1.2. 2. 3 

Direct  effects  - 
combustible  vapor 
Ignition 

Same 

current 

components  as  for 

structural  teata 

4.1.3 

Direct  effects  - 
streamers 

X 

4.1.4 

Indirect  effects  - 
external  electrical 
hardware 

X3 

4.1.5 

Note  l.  Use  average  current  of  2  kA  +  10X  for  a  dwell  time  leaa  than 
S  milliseconds  measured  In  Teat  4.2.2  up  to  a  maximum  of  5 
milliseconds 

Note  2,  Use  average  current  of  400  amp  for  dwell  time  In  excess  of  5 
nsec  as  determined  by  engineering  tests. 

Note  3.  Indirect  effects  shoud  also  be  measured  with  current  components 
A,  B,  C,  D  as  appropriate  to  the  test  sons 

Note  4,  The  appropriate  fraction  of  component  "C" 

expected  for  the  location  and  surface  finish. 


Table  2 


Application  of  Waveforms  for  Engineering  Tests 


Teat 

Zona 

Voltage 

Waveforms 

C  D 

Current  Wavcforms/Components 

C  I  T  Ci  G2 

Test  Technique 
Para.  No. 

Model  aircraft 
lightning  attachment 
point  teat 

Past  front 

Slow  front 

X 

X 

4.2.1 

4.2.1 

Full  slza  hardware 
attachment  test 

2A 

X  X 

4.2.2 

Indirect  effects  - 
complete 

X  or  X  + 

X 

4.2.3 

J 


^0  TEST  TECUHIQUr.S 

The  simulated  lightning  waveforms  and  conponenta 
eo  be  used  for  qualification  testing  are  presented  In 
Table  1.  This  table  gives  the  current  components  that 
will  flow  through  an  aircraft  structure  or  specimen  In 
each  cone.  In  some  cases,  however,  not  all  of  the 
4^rrent  conponenta  specified  In  Che  table  will  contri¬ 
bute  significantly  to  the  failure  nechanism.  There¬ 
fore,  in  principle,  the  non-contributing  component (a) 
con  be  omltced  froa  the  test.  If  components  are  to 
be  omitted  from  a  test  for  this  reason,  the  proposed 
test  plan  should  be  agreed  upon  with  Che  cognizant 
>f,ulatory  authority. 

Table  2  presents  waveforms  suggested  for  engin¬ 
eering  tests.  The  objective  of  each  qualification  or 
engineering  test,  setup  and  measurement  details  and 
does  requirements  are  described  in  the  following  para¬ 
graphs. 

Oualif ication  Test9 


4.1.1  Full  Size  Hardware  Attachment  Point  Tests  - 
Zone  1 

4. 1.1.1  Objective 


^  This  attachment  point  test  will  be  conducted  on 
full  size  structures  chat  include  dielectric  surfaces 
co  determine  the  detailed  attachment  points  on  the  ex¬ 
ternal  surface,  and  If  the  surface  is  nonraetalllc,  the 
path  taken  by  the  lightning  arc  In  reaching  a  metallic 
Structure. 


u  ..1.2 


Waveforms 


Test  voltage  waveform  A  should  be  applied  between 
the  electrode  and  the  grounded  test  object.  In  che  ease 
of  test  objects  having  particularly  vulnerable  or  fllghc- 
crlclcal  components  It  may  be  advisable  to  repeat  the 
^sts  using  waveform  0  as  a  confirmatory  test. 

4. 1.1. 3  Tesc  Setup 

The  test  object  should  be  a  full-scale  produc¬ 
tion  line  hardware  component  or  e  representative  pro¬ 
totype,  since  minor  changes  from  design  samples  or 
iQ^cotypes  may  change  the  lightning  test  results. 

All  conducting  objects  within  or  on  nonraetalllc  hard- 
wnre  that  ace  normally  connected  to  the  vehicle  when 
Installed  In  the  aircraft  should  be  electrically  con¬ 
nected  to  ground  (the  return  side  of  Che  lightning 
generator).  Surrounding  external  metallic  vehicle 
»•  r-jcture  should  be  simulated  and  attached  Co  che 
i^jC  object  to  make  the  entire  test  object  look  as 
much  like  the  actual  vehicle  region  under  test  as 
possible. 

The  test  electrode  to  which  test  voltage  Is  ap¬ 
plied  should  be  positioned  so  that  Its  tip  is  1  meter 
rw.  y  from  the  neuresc  surface  of  the  test  object. 

*  unaloiiH  of  the  test  electrode  are  not  critical. 
Conorully,  model  tests  or  field  experience  will  have 
Indicated  that  lightning  flashes  can  approach  the  ob¬ 
ject  under  teat  from  several  different  directions.  If 
■in,  the  tests  should  bo  repoaccJ  with  the  high  voltage 
s'  .(.r.itli-  or  I puti'i!  to  create  strokes  to  the  object  from 
different  direction!!. 


* 


If  Cite  test  object  Is  so  snail  that  a  1-tnecer 
gap  permits  strokes  to  nisa  che  teat  object,  or  if 
1 -meter  gap  is  inappropriate  for  other  reasons, 
shorter  or  longer  gaps  nay  be  used.  Multiple  flash- 
overa  should  be  applied  from  each  electrode  position 
Tests  nay  be  commenced  with  either  positive  or  nega¬ 
tive  polarity.  If  test  electrode  positions  are  fou 
froa  which  the  simulated  lightning  flashovers  do  not 
contact  che  test  piece,  or  do  not  puncture  it  If  It 
la  nonnetalllc,  the  tests  from  these  sane  electrode 
positions  should  be  repeated  using  the  opposite 
polarity. 

4. 1.1, 4  Measurements  and  Data  Requirements 

Measurements  chat  should  be  taken  during  these 
tests  include  the  following: 


e.  Test  Voltage  and  Amplitude  Waveform.  The 
voltage  applied  to  die  gap  should  be  neaaured.  Phot 
graphs  of  the  voltage  waveform  should  be  taken  to  es 
tablish  that  waveform  A  is  In  face  being  applied. 
Voltage  measurements  should  be  made  of  each  test  vol 
age  waveform  applied  since  breakdown  pacha,  and  hone 
the  test  voltage,  nay  change.  Partlcurlar  attention 
should  be  given  to  assuring  that  the  gap  flashes  ove 
on  Che  i/avefront.  If  a  flashover  occurs  on  the  wave 
Cell,  Che  test  should  be  repeated  with  the  generator 
set  to  provide  a  higher  voltage  or  che  ce9t  electrod 
positioned  closer  co  the  test  object  so  as  to  produc 
flashover  on  the  wavefront. 

b.  Attachment  Points  and/or  breakdown  Paths 
The  voltage  generators  used  for  these  tests  are  high 
Impedance  devices.  The  teat  current  nay  be  much  les 
than  natural  lightning  currents.  Consequently,  they 
will  produce  much  less  danage  to  the  test  object  the 
e  natural  lightning  flash,  even  chough  Che  breakdown 
will  follow  the  path  a  full-scale  lightning  stroke 
current  would  follow.  Occasionally  a  diligent  searc' 
will  be  required  to  find  che  attachment  point  on  aet 
ale  or  the  breakdown  path  through  nonoetalllc  surfac 
These  attachment  points  or  breakdown  paths  should  be 
looked  for  after  each  teat  and  marked,  when  found, 
with  masking  tape  or  crayon  markings  to  prevent  con¬ 
fusion  with  further  test  results. 

4.1.2  Direct  Effects  -  Structural 

4. 1.2.1  Objective 

These  tests  determine  the  direct  effects  which 
lightning  currents  may  produce  In  structures. 

4. 1.2. 2  Vavcfoma 

Simulated  lightning  current  waveforu  components  I 
should  be  applied,  depending  on  the  vehicle  zone  of 
the  test  object,  as  follows: 

4, 1,2. 2.1  Zone  1A 

Waveform  components  A  and  B  should  be  applied. 


4.I.2.: 


•  *  7ur>*  ]  1 

Uav*form  components  A,  R*  C,  end  0  nhould  he 
Applied  1a  that  order *  but  not  n*c«s»ar  lly  as  one 
continuous  discharge* 

4. 1,2. 2. 3  Zone  2A 

Although  ’on*  2A  li  e  swept  stroke  rone,  atatle 
Costs  cen  be  conducted  once  the  attachment  point*  end 
dwell  elite*  hevo  been  determined.  Current  eonponente 
t>,  B,  end  C  should  be  applied  to  thee  order  ee  appro- 
prlece  to  the  following  discussion. 

High  peek  current  reetrlkee  typically  produce 
ro-et taetoeoC  of  the  ere  et  e  nev  point.  Therefore, 
current  component  0  le  applied  ftret.  The  dwell  tine 
for  exponent#  B  end  C  In  Zone  2A  may  he  detemlned 
from  swept  etroke  teete  ee  deecrlbed  In  Paragraph  4.2*2 
or,  alternatively,  e  worst  ceea  dwell  time  of  SO  mllll- 
aeconde  any  be  eeeueed  without  corvluetlng  ewept  stroke 
teete.  The  timing  mechanism  of  the  generator  produc¬ 
ing  cocponent  B  should  be  eat  to  allow  current  to  flow 
Into  the  teat  object  (et  any  single  point)  for  the 
r-oxloim  dwell  tlee  et  that  point  ee  determined  from 
Che  dwell  point  teete.  If  the  oaasursd  dwell  tine  la 
greater  than  3  alllleeconde  or  If  a  SO  millisecond 
dwell  time  has  beeo  assumed*  Che  component  3  currout 
should  be  reduced  Co  400  amperes  (component  C)  for 
the  dwell  time  in  exceee  of  5  alllleeconde.  If  the 
measured  dwell  time  le  lees  then  5  milliseconds,  c com¬ 
ponent  B  should  be  applied  for  the  length  of  time 
measured, down  to  e  minimise  of  1  millisecond* 


4. 1.2. 2. 4  Zone  2B 

Current  components  B,  C  and  D  should  ba  applied 
in  that  order. 

4. 1.2. 2. 5  Zona  3 

Current  components  A  and  C  should  be  applied  la 
that  order  to  test  objects  la  Zoos  3.  The  teat  cur¬ 
rents  should  bs  conducted  Into  end  ouC  of  the  test  ob¬ 
ject  in  e  oa finer  similar  to  chs  v»y  lightning  currents 
would  be  conducted  thtough  the  aircraft. 


Test  Setup 


4. 1.2. 3,1  Test  electrode  and  Cep 


The  test  currents  era  delivered  from  a  teat  elec¬ 
trode  positioned  adjacent  to  the  test  object.  The  test 
object  le  connected  to  the  returo  aide  of  the  gener¬ 
ator  (e)  so  that  test  current  can  flow  through  the  ob- 
Jace  in  e  realistic  manner* 


CAUTION t  There  may  be  interactions  between  the  arc 
end  current  carrying  conductors.  Cars  oust  bs  takan 
to  assure  that  these  interact  tons  do  oot  Influence  the 
test  results* 


The  electrode  material  should  be  e  good  electri¬ 
cal  conductor  with  ability  to  racist  the  erosion  pro¬ 
duced  by  chs  test  currants  involved.  Tallow  brace* 
steel,  tungsten  end  carbon  are  suitable  electrode  ma¬ 
terials,  The  shape  of  the  electrode  Is  usually  s 
rounded  rod  firmly  affixed  to  the  generator  output 
terminal  end  spaced  at  e  fixed  distance  above  the  sur¬ 
face  of  the  test  object. 


The  polarity  of  coapooente  A  nnd  0  r.m  he  cither 
|uM»ttlve  or  nvnntlvs*  Hie  i-olerity  of  die  n^neretors 
uniat  to  produce  components  B  end  C  should  he  not  so 
that  tho  nine  erode  Is  negative  with  respect  to  the 
test  object*  because  greater  damage  le  gunnrelly  pro¬ 
duced  when  the  test  object  le  et  positive  polarity 
with  reapnet  to  the  test  electrode. 


4.1. 2.4  Hoaauf entente  end  Pete  ftenulrenonts 


Measurements  for  these  tests  Include  test  current 
aoplltude(e)  end  waveforo(a).  Initial  stroke,  reetrlke 
end  intermediate  current  components  may  be  measured 
with  nonlnductlve  resistive  shunts*  current  transform¬ 
ers,  or  Rogowskl  colls*  Continuing  currants  nay  bs 
moaeurod  with  resistive  shunts.  Ths  output  of  tech  of 
thsss  devices  should  bs  meseuted  and  recorded* 


MOTEt  Indirect  effects  measurements  ere  fre¬ 
quently  required  for  external  electrical  hardware* 
as  apeclftod  In  Paragraph  4,1.6.  If  desired*  some  of 
thsss  naaiucercnci  can  be  made  during  the  direct 
•f facte  tests. 


Sine#  the  condition  of  the  test  object  or  other 
perts  of  the  teat  circuit  raay  effect  the  test  cur¬ 
rent  (e)  applied*  meesureoente  of  these  parameters 
should  be  made  during  each  teat  applied*  end  the  de¬ 
tails  of  ths  test  setup  recorded  for  each  test. 


4,1,3  Direct  Cffecte  -  Combustible  Vapor  Ignition  Vis 
Skin  or  Component  Puncture,  Hot  Spots  or  Arcing 


4, 1.3.1  Objective 


The  objective  of  these  tests  Is  to  aecertaln  chs 
possibility  of  conbustlble  vapor  Ignition  as  s  result 
of  akin  or  component  puncture,  hot  spot  formation*  or 
are  lag  la  of  near  fuel  syetnae  or  other  regions  where 
combustible  vapors  aay  exist. 


CAUTION:  These  teete  elouleta  the  possible  direct  ef¬ 
fects which  nay  cause  Ignition.  Ignition  of  combust¬ 
ible  vapors  may  also  be  caused  by  lightning  Indirect 
effects  such  as  Induced  voltages  In  fuel  probe  wiring* 
sec* 


If  a  blunt  electrode  1#  used  with  e  very  small 
gap,  the  gee  pressure  end  shock  wave  effects  in  ths 
confined  area  nay  cause  sore  physical  damage  Chao 
would  otherwise  bs  produced.  The  electrode  should 
be  rounded  to  allow  relief  of  the  pressure  forood  by 
ths  discharge* 

For  oiltlple  conponsnt  tests,  ths  teet  electrode 
should  be  placed  ee  far  fr on  the  test  object  surface 
as  the  driving  voltage  of  the  Intermediate  coopoaent 
B  or  contloul&g  current  component  C  will  allow.  A  gap 
•peeing  of  sc  leeet  30  as  Is  desirable  but  a  lesser 
gap  o*  st  lease  10  ob  le  required  which  will  result 
In  nora  eonservetlv#  decs,  i/hen  components  B  or  C  ers 
preceded  by  chs  high  peek  current  component  A*  the  high 
driving  voltage  of  this  generator  initiates  ths  arc  *nd 
subsequent  components  B  and/or  C  follow  the  established 
arc  even  though  driven  by  a  ouch  lover  voltage. 


IS 


4.1.4  Direct  [tfjtti  -  SttMatr; 


4. 1.3. 2  Waveforms 


The  uu  east  currant  waveform*  ahould  b*  *p- 
pllod  a*  era  specified  for  structural  danage  testa 
is  Paragraph  4. 1,2. 2. 

4. 1.3. J  Taat  Setup 

Taae  aacup  requirements  ara  tha  same  aa  ehoaa 
daecrlbad  la  Paragraph  4.1.2. 3  for  atruccural  damage 
taata,  with  tha  following  additional  conaldaratlona : 

If  a  complac*  fuel  tank  la  not  available  or  Im¬ 
practical  for  teat,  a  tempi*  of  tha  tank  akin  or  ochar 
epee  loan  rapreaentatlve  of  tha  actual  atructural  coo- 
flguratloo  (Including  Joints,  faatanara  and  aubatruc- 
turaa,  attachment  hardware,  aa  wall  aa  Internal  fuel 
tank  fixture*)  ahould  ba  metalled  on  a  light-tight 
opening  or  chamber.  Photography  la  tha  prafarred 
technique  for  detecting  sparking.  If  phocography  can 
ba  mployed.  the  chamber  ehould  ba  fitted  with  aa 
array  of  mirrors  to  mike  eny  aparka  vlalbla  to  tha 
camera.  However,  far  reglooe  where  poaalble  tpark- 
lng  activity  cannot  ba  made  vlalbla  to  tha  camera, 
Ignielon  caeca  may  ba  weed  by  placing  aa  lgnltabla 
fual-alr  mixture  lnalda  tha  tank.  Thle  can  ba  a  mix- 
Cura  of  propane  and  air  (e.g.,  for  propane:  a  1.2 
atolchlomatrlc  mixture)  or  vaporized  aaaplea  of  tha 
appropriate  fuel  mixed  with  air.  Verification  of  tha 
combustibility  of  tha  mixture  ahould  ba  obtained  by 
Ignition  with  a  epark  or  corona  lgnitloa  source  In¬ 
troduced  Into  the  taat  chamber  Immediately  after  aach 
lightning  taat  In  which  no  Ignition  occurred.  If 
Che  combustible  mixture  wee  not  lgnltabla  by  thla 
artificial  eource,  tha  llghcning  taat  muat  be  conald- 
ared  Invalid  and  repeated  with  a  new  mixture  until 
althar  Che  lightning  test  or  artificial  ignition 
•ource  Ignites  Che  fuel. 

4. 1.3. 4  lleeeurenente  end  Pete  Heyulranante 

Tha  earns  Cast  currant  measurements  ahould  ba 
made  as  era  specified  for  structural  damage  casta  In 
Paragraph  4. 1.2. 4. 

The  pretence  of  an  lgolcton  source  ehould  ba  de¬ 
termined  by  photography  of  poaalble  sparking,  for 
thle  purpoie  a  camera  la  placed  in  the  cast  chamber 
and  cha  shutter  left  open  during  tha  case,  experience 
Indictee*  chat  ASA  3000  tpeed  film  exposed  at  f 4  . 7  la 
eaclefaccory.  All  llghc  to  the  chamber  Interior  oust 
be  excluded.  Any  light  Indications  on  tha  film  due 
to  internal  sparking  after  test  ehould  be  taken  ea  an 
Indication  of  eperklog  sufficient  to  Ignite  e  combust¬ 
ible  mixture. 

CAUTION i  Thla  mathod  of  determining  the  possibility 
of  sparking  ahould  ba  ucillzad  only  If  certainty  ex¬ 
ists  Chat  all  locaclone  whets  sparking  might  exist 
are  vlalbla  Co  cha  canera. 

Kota  specialised  Instrumentation  may  ba  added  If 
additional  Information  such  aa  akin  aurfaca  tempera¬ 
tures,  preeaura  rises,  or  flame  front  propagation  vel- 
ocltlen  ere  desired. 


4. 1.4.1  Obi active 

Electrical  itramin  Initiated  by  a  high  voltage 
field  represent  a  poaalble  Ignition  source  for  combust¬ 
ible  vapors.  Tha  objective  of  thla  taat  la  to  deter¬ 
mine  If  aucb  streamers  nay  ba  produced  in  regions 
where  such  vapors  exist. 

4. 1.4. 2  Waveforms 

Test  voltage  waveform  1  ahould  ba  applied  for 
thla  taat.  Tha  craat  voltage  should  ba  sufficient  to 
produce  atraacering,  but  not  sufficient  to  cauao  flash- 
over  In  tha  high-voltage  gap.  Gmiarelly,  thla  ulll 
| require  that  tha  avaraga  electric  field  gradient 
between  tha  electrodes  ba  at  least  5  kV/cm. 

4. 1.4. 3  Taat  Setup 

Tha  taat  object  ehould  ba  mounted  In  a  fixture 
rapreaentatlve  of  tha  surrounding  region  of  tha  air¬ 
frame  and  ba  subjected  to  tha  high-voltage  waveform. 

The  voltage  nay  be  applied  either  by  (1)  grounding 
tha  test  object  aod  arranging  cha  high-voltage  test 
electrode  sufficiently  close  to  tha  teat  object  to 
create  tha  required  (laid  at  tha  taat  voltage  level 
applied  or  (2)  connecting  the  teat  object  to  tha  high- 
voltage  output  of  tho  genotator  end  arranging  the  taat 
object  la  proximity  to  a  ground  plena  or  other  ground 
electrode  that  la  connected  to  tha  ground  or  low  olds 
of  tho  gtnarator.  In  either  case  tha  low  voltage  aids 
of  tha  gtnarator  ehould  ba  grounded.  Either  arrange¬ 
ment  can  provide  tha  necessary  electric  field  at  the 
taat  object  aperture.  The  teat  object  ehould  ba  at 
positive  polarity  with  raspact  to  ground,  since  thla 
polarity  usually  provides  tha  nett  profuse  etraanaring. 

4. 1.4. 4  Maaeurtpaata  and  Data  aequlraomata 

Maaeur amenta  should  Include  teat  voltage  wave¬ 
form  and  amplitude,  and  degree  and  location  of  etream- 
trlng.  Tha  praeeoco  of  acrcecaring  ac  location*  where 
combustible  vapor t  tra  known  to  axlat  It  considered  aa 
Ignition  source.  The  presence  of  ttreenerlng  can  beet 
ba  dacarminad  with  photography  of  tha  taat  object  while 
In  a  darkened  area.  If  tha  presence  of  streamer*  la 
questionable,  cha  Ceet  ehould  ba  run  with  a  combustible 
mixture  actually  present  In  tha  test  object  to  determine 
If  Ignition  occur*,  but  car*  ehould  be  taken  to  eaauro 
Chat  the  teat  arrengeoeoc  simulates  relevant  operational 
(l.e.,  ln-fllght)  characteristics. 

4.1.3  Direct  Effects  -  External  Electrical  Hardware 

4 . 1 . 3 . 1  Qt  1  active 

Tha  object  of  thla  caec  la  Co  determine  tha 
amount  of  physical  damage  which  may  ba  axpar lanced 
by  externally  mounted  electrical  component*,  such  a* 
pitot  tubes,  antennas,  navigation  lights,  act.  whan 
directly  struck  by  llghcning. 


*.1.5.2  Waveforms,  Teel  Setup,  and  Huaeurinent* 
and  ftaca  Rocu  t  rrwanta 

Sma  a*  for  structures  taat  ee  described  la 
Paragraph  *.1.2. 

*.1.6  Indirect  Effects  -  External  Electrical  Hardware 
*■1.6,1  Oblactlya 

Tha  objactlva  o(  this  taat  la  to  determine  tha 
magnitude  of  Indirect  at  fact  a  that  occur  when  light¬ 
ning  atclkaa  externally  aouotad  alactrlcal  hardware, 
aueh  aa  antennae,  electrically  hasted  pitot  tubaa.or 
navigation  llghta.  for  aueh  hardvara  tha  Indirect 
•  ffacta  lncluda  conduct  ad  curranta  and  auxga  voltagaa, 
and  Indue  ad  voltagaa.  Tliaaa  curraota  and  voltagaa  aay 
than  ba  conducted  via  alactrlcal  clrculca  to  oehar  ay- 
•t™a  In  tha  vnhlela.  Therefor*,  during  tha  dlract 
affacta  taata  of  alactrlcal  hardware  noun cad  within 
Zonea  1  or  2.  oeaaurmaanca  ahould  ba  ud«  of  tha  volt- 
aga  appearing  at  all  alaccrlcal  circuit  tornlnala  of 
tha  coaponaat.  Io  addition,  a  foot  rato  of  rlao  taat 
ahould  ba  conducted  for  (valuation  of  aagnatlcally 
Induced  affacta. 

*.1.6.2  l.'avafuma 

Currant  conponanta  A  through  D  uaod  for  evalua¬ 
tion  of  direct  affacta  era  aleo  uaod  for  avaluaelon 
of  Indirect  affacta,  particularly  thoaa  ralatlng  to 
tha  dlffualoo  or  flow  of  currant  through  raalatanco. 
Tha  epaclflc  waveforna  to  bo  uaad  aro  tha  aana  aa 
thoaa  ipeclflad  la  Paragraph  *.1.2.  In  addition,  tha 
fait  rata  of  change  current  wavaforu  E  ahould  ba  ap¬ 
plied  for  evaluation  of  magnetically  Induced  effect*. 

Indirect  affacta  neaeurad  aa  a  raault  of  thla 
wavaforu  ouat  ba  extrapolated  aa  follova.  Induced 
voltagaa  dependant  upon  realatlve  or  dlffualoo  flux 
ahould  bo  extrapolated  linearly  to  a  peak  currant  of 
200  kA. 

Induced  voltagaa  dependent  upon  aperture  coupling 
ahould  ba  extrapolated  linearly  to  a  peak  rata-of-rlaa 
of  100  kA/pa. 

*.1.6.3  Taat  Setup 

Tha  taat  object  ahould  ba  counted  on  a  ehleldad 
taat  chaaber  ao  that  aceeea  to  Ita  alactrlcal  connec¬ 
tor  (a  )  can  ba  obtained  la  an  area  raladvaly  free  from 
extranaoue  electromagnetic  flolde,  Thla  la  nacaaeary 
to  pr event  alectroragnatlc  interference  originating 
In  tba  lightning  taat  circuit  frcaa  Interfering  with 
aeaauranant  of  voltagaa  Induced  In  tha  taat  object 
Itaalf.  Tha  taat  object  ahould  ba  fattened  to  Cho 
taat  chaaber  In  a  manner  a  Lb  Hex  to  tha  way  It  La 
mounted  on  tha  aircraft,  a  Inca  normal  bonding  lsped- 
aocae  nay  contribute  to  tha  voltagaa  Induced  In  clr- 
culta.  If  tba  ehleldad  encloaure  la  large  enough, 
tha  nexaur ement / record  log  equipment  nay  ba  contained 
within  It.  U  not,  a  aultabla  ehleldad  lnatrumant 
cable  nay  ba  uaad  to  traoafer  tha  Induced  voltage  sig¬ 
nal  from  tha  ehleldad  encloaure  to  tha  equipment.  In 
thla  caea,  tha  equipment  ahould  be  located  ae  ea  not 
to  experience  Interference. 


The  taat  elactrode  ahould  t.a  positioned  ao  aa  ta 
Inject  simulated  lightning  currant  Into  tha  taat  0^> 
Joct  at  tha  prohabla  attaehannt  polnt(a)  expected  from 
natural  lightning.  Per  testa  run  concurrently  with 
dlract  affacta  taata  on  tha  anna  taat  objact,  thla 
ahould  ba  ao  arc-mntry  (flaahover  from  taat  electrode 
to  tent  objact);  but  for  taata  made  only  to  dotarmlna 
tha  Indirect  affacta,  hard-wired  connectlona  can  b« 
mxda  between  tha  generator  output  and  taat  object. 

Thla  lx  appropriate  especially  If  It  la  daalred  to 
mlnlalaa  phyatcal  dotage  to  tho  tent  object.  The  tatt 
objact  should  bo  grounded  via  tha  shielded  ancloaura 
ao  that  simulated  lightning  current  flows  from  tha 
taat  objact  to  tha  ehleldad  ancloaura  la  a  manner  re¬ 
presentative  of  tho  actual  inatallatlon, 

*.1.6. A  Kaaaurnaanta  and  Data  Paqulrmaants 

Measurements  should  lncluda  teat  currant  ampll- 
tude(e)  sod  veveform(a)  aa  specified  for  tho  dlract 
affects  teats  uctlltlog  cho  aana  waveforms  In  Para¬ 
graph  4.1.2.  In  addition,  nraeurcaenta  ahould  ba  made 
of  conducted  and  Induced  voltages  at  tha  terminals  of 
alactrlcal  circuit*  in  tha  taat  objact. 

Heasurenant  of  tha  voltagaa  appearing  at  tha  el¬ 
ectrical  terminals  of  tha  taat  objact  ahould  ba  made 
with  a  aultabla  recording  Instrument  having  a  band¬ 
width  of  at  least  30  megahartt. 

In  asms  cases  It  la  appropriate  to  make  measure— 
manta  of  tha  voltaga  between  two  terminals,  as  wall  aa 
of  tho  voltaga  between  either  terminal  and  ground. 

Since  tha  amount  of  Induced  voltage  originating  In  tt.e 
taat  objact  which  can  enter  ivyetosa  aueh  aa  a  power  bus 
or  en  entenne  coupler  depends  parcly  on  tho  lnpedancaa 
of  these  Items,  these  Impedances  ahould  ba  simulated 
and  connected  acroaa  the  alactrlcal  terminals  of  tha 
taat  objact  vhera  tha  Induced  voltaga  la  being  maaaurad. 

Tha  raslstanea,  Inductance  and  capacitance  of 
tha  load  tapedaoca  ahould  ba  Included.  A  cyplcal 
tait  and  oaeaurnanc  circuit  ta  shown  In  Plguta  *.l. 

CAUTION:  Interference-free  operation  of  tha  voltaga 
maaaurment  eyataa  ahould  ba  verifies. 


Shielded  Enclosure 
Simulated  • 


figure  *-l  Paerntlal  elementa  of  electrical  hard¬ 
ware  Indirect  effecta,  taac  and  measurement 


4,2  Pnglnsartn*  Tnata 

4.2.1  Modal  Aircraft  Llahtnlna  Attachment  Point  Taat 

4. 2.1.1  Obi  active 

The  gbjKtln  ot  the  nodal  teac  la  to  determine 
tha  placaa  on  Cha  vahlcla  where  dlracc  lightning  strikes 
ara  likely  to  attach. 

4. 2. 1.2  Waveforms 

It  It  la  daalrad  to  determine  tha  placaa  on  tha 
aircraft  vhara  lightning  strikes  ara  no at  probable, 
than  voltage  waveform  C  nap  ba  utUlaad,  If  It  la 
daalrad.  In  addition,  to  Identify  othar  aurfacaa  whara 
•trlVaa  may  alao  occur  on  rara  occaalon,  voltage  *i*a- 
(ora  D  nay  ba  utlllcad.  Tha  longer  rlan-tlne  of  waw*. 
torn  D  allowa  duvalopnant  of  atranan  and  attachment 
point  a  in  regions  of  lower  flald  Intensity  fin  addi¬ 
tion  to  thoee  of  high  Intensity  at  surfaces  of  high 
atrlka  probability. 

4.2.1.}  Taat  Setup 

Teata  on  aaall-acale  models  ara  halpful  for  da- 
t  a  mining  attachment  tonaa.  to  same  caaaa,  caata  on 
and ala  oust  ba  supplemented  by  othar  naans  to  datar¬ 
nlna  exact  attachment  cones  or  polnto.  Thla  io  parti¬ 
cularly  trua  of  aircraft  Involving  larga  amounts  of 
nonnatalllc  atriictural  materials. 

An  accurata  nodal  of  tha  vahlcla  exterior  tram 
1/30  to  1/10  full  ecalo  ahould  ba  conatruetad.  Tha 
various  possible  vahlcla  configurations  ahould  alao 
ba  modeled,  rcnductlng  surfacee  on  the  alrcreft 
ahould  ba  repreeented  by  conductive  aurftcee  on  tha 
nodal,  and  vice  varaa. 

Tha  oodel  la  chan  poaltlonad  on  lnoulatora  be- 
evoan  tha  elactrodaa  of  a  rod-rod  gap  or  cha  electrode 
and  a  ground  plana  of  a  rod-plane  gap.  tha  length 
of  tha  upper  gap  ahould  ba  at  laaac  1.5  tinea  tha  long¬ 
est  dlaanalon  of  tha  nodal.  Tha  direction  of  approach 
bacanaa  laaa  controllable  at  much  higher  racloa  and 
the  stroke  nay  wan  nine  tha  nodal.  Tha  lower  gap, 
nay  ba  aa  ouch  ea  2.5  times  cha  long  eat  dlaanalon  of 
tho  nodal  a  ad  ahould  bo  aC  laaat  equal  to  tha  nodal 
dlaanalon. 

Cocmonly  tho  elactrodaa  ate  fixed  and  tha  nodal 
la  rocaced.  Tha  orlantatlona  of  tho  alectrodea  with 
raopact  to  cha  nodal  ahould  ba  euch  aa  to  define  all 
likely  attachment  polnta.  Typically,  Cha  elactrodaa, 
relative  to  tha  nodal,  era  placed  at  10*  atapa  la  lat¬ 
itude  around  tha  Q*  and  90*  longitudes,  a a  ehown  in 
Flgura  4-2.  Smaller  atapa  In  latitude  or  lorgltuda 
nay  ba  required  to  Identify  all  attachnant  polnta. 


aloctroda 


•-0* 

0-90* 


0  -  latitude 
t  -  longitude 


0-180* 


Figure  4-2  Aircraft  coordinate  eyete 


If  rotntloo  of  the  oodel  elgnlf lcently  changes  tha 
gap  lengths.  It  oay  ba  necessary  to  reposition  tha 
elactroda.  Typically  three  to  tan  ehote  am  taken 
vith  tha  aircraft  In  each  orientation  to  _l«iilate 
lightning  flaahaa  approaching  trim  different  direc¬ 
tions.  Photographs,  preferably  with  tw>  canaraa  at 
right  angle*  to  each  othar,  ahould  ba  taken  of  each 
shot  In  order  to  determine  tha  attachnant  polnta. 
Tha  upper  electrode  ehould  ba  poeltlvg  with  raopact 
to  ground  and/or  tha  lower  electrode. 


4.2.2 


Full-Site  Hardware  Attachment  Point  Test 
Zona  2 _ _ 


4. 2. 2. 1  Obi  active 

Tha  aachaotam  of  ere  attachment  In  Zona  2  regions 
Is  fundanmitaLly  different  from  thee  In  Zone  1.  Tha 
basic  neebenlsn  of  attschaant  la  ehown  on  Flgura  4-J. 
Tha  arc  flrat  attaches  to  point  1  and  then,  viewing 
tha  taat  object  as  stationery,  la  swept  beck  along  tha 
surface  to  point  2.  Whan  cha  heal  of  tha  arc  la 
above  point  2  tha  voltage  drop  at  tha  arc^eetal  Inter¬ 
face  Is  auf flclastly  high  to  cauaa  flashover  of  tha 
air  gap  and  puncture  of  tha  surface  finish  at  point 
2  causing  It  to  ra-attech  there. 
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Tl.*»  r.rc  will  o^rvlA  ha  Mown  hack  sloug  the  aur- 
fr.ca  until  tha  vnlta^n  « lo.ig  th*  arc  clmnnol  and  *rc- 
aotal  Interface  t*  sufficient  to  ciuhi  flaehnvsr  and 
atteclmvnt  to  another  point.  Th*  voltsu*  at  which  each 
mat  itticlv  vut  will  occur  dajxioda  ntroiiftly  upon  tha 
surface  flnlah  of  tl>o  object  \md%z  tut,  The  volt- 
•M  available  to  cauaa  puncture  depends  upon  tha  cur¬ 
rant  flowing  in  tha  arc  era)  tha  degree  of  lonUatloft 
In  lta  clonal.  There  la  ao  Inductive  voltage  rlaa 
alonf  tha  arc  aa  rapidly  changing  current*  flow 
through  It.  Thera  will  alao  b«  a  resistive  voltaga 
rlao  produced  by  tha  flow  of  current.  Tha  Inductive 
voltaga  rlaa  aa  vail  as  tha  raslatlva  rlaa  can  ba 
Rulta  algrUf leant  vh^n  a  lightning  raatrlka  occur# 
at  nooa  r°l^«  1*  tha  fla*»h. 


Figure  4-1  Basic  aachanlcn  of  swept  atrofc a 
ettAcIment. 


la  addition,  if  tha  fl**h  la  d lacont Inuoua  for 
a  briaf  period  a  vary  high  voltaga  la  available  prior 
to  flow  of  tha  oozC  current  cooponant.  Because  tha 
chacr.nl  r«*^alne  hot  a ad  may  contain  residual  Ionised 
particles,  this  voltaga  screes  la  graataat  along  It 
and  subsequent  currant  component*  ara  llkaly  to  fltot 
along  tha  aaima  channel.  Such  a  voltaga  nay  wall  ba 
hlghar  Chon  voltaga*  crested  by  current*  flowing  In 
tha  channal  sod  oay  cauaa  ra-ec tactaeot  to  metallic 
surface*  or  punctura  of  nooaatallic  aurfacaa  or  dl- 
alactrlc  coatings. 

Tha  tlaa  during  u^lch  ao  arc  cay  r  ana  in  attachad 
to  any  slcgl*  point  (dwell  tins)  la  a  function  of  tha 
lightning  flash  and  surface  characteristic*  which  gov* 
•rn  reattachoent  to  th*  next  point.  Tha  dvall  tins  la 
alao  a  function  of  aircraft  vpeed. 

S-.tpt  stroka  attach,  cat  point  -ad  dwell  etna 
phenomena  ara  than  fora  of  lntarast  for  two  aa  In 
reasons.  First,  If  there  la  sn  Intervening  notmatal* 
lie  surface  along  th*  path  over  which  tha  arc  nay  ba 
swept,  th*  bwept  stroka  phonon ana  a ay  dstanila* 
whether  th*  rousktelllc  surfac*  will  ba  puncturad  or 
whathar  tha  sre  will  psas  harmlessly  acroaa  It  to  tha 
out  metallic  surfscs. 

Second,  tha  dvall  tlua  of  so  sre  on  s  metallic 
surface  la  a  factor  In  determining  If  sufficient  heat¬ 
ing  may  occur  at  a  dvall  point  to  burn  a  h<  la  or  form 
s  hot  spot  capable  of  Igniting  conbustlble  mixture* 
or  causing  other  dessga.  Thus,  erver  a  fuel  tank  It 
la  particularly  Important  that  the  arc  nova  freely. 

In  order  that  tha  netal  aklo  of  tha  tank  not  ba  heat- 
ad  or  burned  to  a  point  that  fuel  vapors  are  lRultad. 


Tha  object tvea  of  «ttacl»«eftt  studies  In  Zona  2 
ara  them 

For  ttntalllc  rurfocea 

(Including  conventional  painted  or  traatad  aur- 

fscoa) i 

To  detcmlna  possible  attachment  points  and  aa- 
•nclatad  dvall  tines. 

For  noinatalllc  aurfacaa 

(Including  metallic  aurfacaa  with  high  dlalmc- 

trie  strength  costings)! 

To  determine  If  punctursa  may  occur. 

4.2.2, 2  Waveforms 

4. 2. 2. 2.1  Metallic  Surfaces 

To  determine  arc  dwell  tine*  on  metallic  aur¬ 
facaa  ,  Including  conventional  painted  or  treated  sur¬ 
faces,  It  la  necessary  to  emulate  the  continuing 
current  component  of  tha  lightning  flash.  Thus  tha 
simulated  continuing  currant  should  ba  la  accordance 
with  current  cooponant  C. 

The  current  generator  driving  voltaga  must  ba 
sufficient  to  maintain  an  are  length  chat  «>vea  freely 
along  the  aurfaca  of  tha  cast  object.  The  teat  elec¬ 
trode  should  b«  far  enough  above  tha  aurfaca  ao  aa 
rot  to  influence  tha  arc  attachaent  to  tha  teat  aur¬ 
faca.  If  the  technique  of  Figure  4-1  la  used,  tha 
electrode  should  ba  a  rod  parallel  to  tha  air  stream 
and  approximately  parallel  to  tha  teat  object. 

A  raatrlka  cay  be  added  to  tha  coLtinulng  cur¬ 
rent  after  initiation  to  determine  whether  a  reatrika 
with  lta  associated  high  current  amplitude  would  causa 
re-attachnant  to  points  other  than  thoa*  to  which  tha 
continuing  current  arc  would  re-attach.  If  a  raatrlka 
la  used  It  la  moat  appropriata  that  It  ba  tha  faat 
rata  of  change  of  currant  waveform  shown  aa  current 
waveform  E  on  Figure  3-3. 

4. 2. 2.2. 2  Notice  tat  lie  Surfaces 

To  datcrmlna  whether  It  la  posalbla  for  dlalac- 
trlc  punctursa  or  reattacUaenta  to  occur  on  neonatal* 
llc  surfaces  or  coating  materials,  including  natalllc 
surface*  with  high  dielectric  strength  coatings.  It 
la  necessary  to  simulate  tha  high-voltage  character¬ 
istics  of  tha  are.  High  voltages  ara  tausad  by  (1) 
currant  raatrlkaa  In  an  loolaad  channal,  or  (2)  volt¬ 
age  buildup  along  a  d  stool  ted  channal.  Thaaa  char¬ 
acteristics  ara  simulated  oy  a  teat  in  which  a  rm- 
atrlka  la  applied  along  a  channel  previously  estab¬ 
lished  by  a  continuing  current.  Tha  raatrlka  must 
ba  Initiated  by  a  voltaga  rata  of  rlaa  of  1000  kV/pa 
or  faster  and  cruet  discharge  a  high  rata  of  rlaa  cut* 
rant  stroke  In  accordance  with  currant  waveform  E. 

This  raatrlka  ouat  not  ba  applied  until  tha  continu¬ 
ing  current  has  decayed  to  near  taro  (a  nearly  dm* 
lonlimd  state)  as  shown  In  Figure  4-4. 

Several  casts  ehould  ba  applied  with  th*  contin¬ 
uing  currant  duration  and  rcsrrlkas  applied  accord* 
lng  to  different  tins*,  T,  In  order  to  produce  worst- 
caee  exposure*  of  tha  surface  and  underlying  elements 
to  voltaga  street. 
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Tha  amplitude  of  the  continuing  current  la  not 
critical  and  may  ba  lower  or  higher  than  that  of  cur¬ 
rant  component  C.  other  aapacta  of  chi*  teat  era  aa 
described  la  Paragraph  4,2. 2. 1.1, 


Current 


Voltage 


Figure  4-4  Swept  atroka  waveforms  for  taata 
of  nomas  cal  lie  avirfacaa. 


4. 2, 2, 4  Heaeur«snte  and  Data  Rsqulrapante 

The  neat  Important  measurements  are  those  giving 
the  attaetaaot  polcta,  arc  dwell  tinea,  breakdown  patha 
followed,  and  tha  aaparatloa  batvaau  attachaant  potata, 
Thaaa  era  no  at  easily  dataralnad  from  high  tpaad  notion 
picture  photograph#  of  tha  arc.  HaaauramanU  eliould 
ba  nada  of  tha  air  flow  or  teat  object  velocity  and  tha 
aaplltuda  and  waveform  of  tha  currant  paaatng  through 
tha  taat  object. 


4. 2. 2, 3  Taat  Setup 

Two  baalc  amthode  have  bean  ueed  to  simulate  tha 
•rapt  atroka  mechanism,  One  of  thaaa  lovolvaa  uaa  of 
a  wind  atreaa  to  nova  tha  arc  relative  to  a  atatloo - 
ary  teat  aurfaca  aa  ahovn  In  figure  4-J,  Tha  other 
method  lovolvaa  aovmsest  of  tha  taat  aurraca  relative 
to  a  stationary  arc  aa  ahown  in  Flgura  4-6.  Other 
amthode  nay  also  ba  iatlafactory  If  thay  adequately 
represent  the  ln-fllght  Interaction  batwaaa  tha  arc 
and  tha  aircraft  surface,  Relative  velocity  ahould 
include  but  not  be  limited  to  the  alnlnua  ln-fllght 
velocity  of  tha  vahlcal,  which  la  whan  the  dwell  etna 
condition  la  aoat  critical. 

Tha  taat  electrode  ahould  ba  far  enough  above  tha 
aurfaca  so  aa  not  to  influence  tha  arc  attachment  to 
tha  caac  autfaca.  If  tha  technique  of  Figure  4-3  la 
used,  tha  electrode  ahould  ba  a  rod  parallel  to  tha 
air  atraan  sod  approximately  parallel  to  tha  taat 
object. 


Flgura  4-6  Taat  aurfaca  moved 
relative  to  stationary  arc. 


4.2.3  Indirect  Effects  -  Cocpleta  Vehicle 

4. 2. 3.1  Objective 

Tha  objective  of  this  teat  ta  to  maaaura  Induced 
voltages  sod  currents  In  electrical  wiring  within  a 
complete  vehicle.  Complete  vehicle  taata  are  Intended 
primarily  to  Identify  circuit#  which  may  ba  euecepclbla 
to  lightning  Induced  affects. 

4.2. 3. 2  Wavcfoma 

Two  techniques,  utilising  different  waveforms, 
may  ba  utilised  to  perform  this  taat.  One  Involve* 
application  of  a  acalad  down  u  old  1  r  act  loos  1  waveform 
representative  of  a  natural  lightning  stroke. 


The  second  technique  involves  performance  of  tha 
taat  with  two  or  mere  damped  oscillatory  currant  wave¬ 
forms,  cue  of  which  (component  Cj)  provides  tha  fast 
rata  of  rise  characteristic  of  a  natural  lightning 
stroke  wavefront,  sod  tha  other  (compooant  G  ^  )  pro¬ 
vide#  a  long  duration  period  character  let lc  of  natural 
lightning  strops  duration.  Induced  voltages  should  ha 
measured  In  tha  aircraft  circuits  whan  exposed  to  both 
waveforms  and  the  highest  induced  voltages  taken  as 
cha  test  results. 

Each  taat  la  carried  out  by  passing  taat  cur¬ 
rants  through  to  tha  complete  vehicle  end  ocaaurlng 
the  Induce!  voltages  end  current".  Checks  are  also 
ends  of  alrc.uft  aystorae  and  equipment  operations 
where  possible. 


Flgura  4-3  Arc  moved  relative  to 
stationary  test  aurfaca. 
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